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The H«Wt Cnmwjumivs af SmeUng 


Introduction 


This chapter address** evidence on smoking and 
health efTem uvrr a i<jugp of specific diseases and non 
specific but adverse consequences. The associations re¬ 
viewed appear to reflrci both specific anti non 
speniic pathways of injury by tobaito smoke. The 


Diminished Health Status 


This vtciltot focuses on llie quKslloirol whether 
ligarntL- smokers have poorer health In compari¬ 
son ivllh non smokers, beyond the already well- 
iliainclrrlzed burden ot morbidity and ITiot Willy frwfi 
rbe specific diseases caused by smoking. The hypoth¬ 
esis lhat smoking mlglil Impair hisilth in general drawn 
plausibility from the umkulDpi: richness of i ubvm> 
smoke. Hie wL-ll-dtituTTirriied systemic distribution of 
lobar lu s/;ii.<ke components and metabolites, and the 
effccis cm host tleftiiiaes, including ihe Immune sys- 
liirn. Ari<JJtfcrv»l|y. in/pafrment of organ function .vlron 
ot ih# level at which clinical disease Is diagnose*! may 
leave I he smoker vulnerable tti uthwwMe well- 

tolerated threats to health. Pm example. I he reduction 
ol luiig function found lu many smnktn who do not 
have overt chronic obstructive pnlrrnnajy disease 
(COPDJ Tnay bierra.se the risk for developing a more 
Mrvcrr lllne.vs with it respiratory Infection, or having a 
resplrxlu/y rjirripllcnljon following surgery. 

This -j-t turn reviews studies that have addressed 
a number of health status Indicators (Figure 5.1} in¬ 
cluding direct reports cl health status 01 (Kspnnstts m 
an instrument (bar provides a health status index. and 
Indirect Indication such us mnllral .wivlnsi utilization 
data. When interpreting lire findings of these studies, 
consideration needs la be given to the potential causal 
pathway* linking smoking to » poor hcoJch status, the 
assessment and measurement of health status, and 
tho potential for biases, such ax from confounding, 
to affect associations of smoking with these uulcrtrne 
measures, 


evidence indlcali» dial smoking should be considered 
not only a cause <iT spec I lie diseases and rand 11 Lon?, 
buL a nxdributlng factor to nonspecific morbldlly and 
a diminished quality of Ilf*. 


For the diseases caused by stroking, direct causal 
pathways arc I nip Ik li. For example, substantial evl- 
denev. ztipixirii I hr-hypothec lx the/ smoking causes 
lung earner through. the dimer deposition of tabarra 
smoke carcinogen* In the respiratory tract- For some 
of th* outcome measure* considered in tills sect lari. 

pathways are far less certain and may be both direct 
and Indirect. lhtrcaSSd absenteeism might reflect, For 
example, the Jendcncy uf smokers to have mor* se¬ 
ver* respirator)- Illnesses Chun nunsinokuis. possibly 
eiirllx/.rfble t<i the effects of smoking on respiratory 
di-IrtHBi or bemuse vnekm tend to have a lower level 
or lung function. 

The till iconics considered In ibis section have 
multiple detemtlnartls. Health status Ihurlf Is an Infe- 
gratlve measure reflecting the net consequences of the 
many varied factors lhat deiccmi™? Itesbh and wrll- 
bi-lng To ilir extern thal smokers differ from non- 
smokers in thexe faclurs, there Is a potential for 
con Ian riling u» distort association* af smoking with 
/I* outtnrtie measure.-,. Studies show, for example, that 

smnkers and nonsmokers differ in aspects of lifestyle 
ami in their approaches to health care (i-.g.. fix- use of 
preventive services such as multiphaslc testing [Gnkrs 
eta! l97t|flndS(Ts<viing |Beajlleuees|. 19S6; Edwardt 
and Boulei 196?)). Additionally. theaulle of relevant 
confounding factors may differ from outcome CO out¬ 
come. and fnrxome nulcnmes there Is uncertainly as 
to the relevant confounding factors, Some of the Indi¬ 
vidual characteristics that mfTeci the derision in start 
smoking find to continue to smoke also may bp deter- 
minaiiLs of risk, for the outcomes considered her*. 


OlherFflerrs 
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Surgeon Genera f* Report 


Figure 6.1 A conceptual model for the relationship between cigarette smoking and diminished health status 



Conclusions of Previous Surgeon 
General's Reports 

Extensive research aver time has Identified clga 
rent- smoking as a cause of s petlftc diseases, and many 
reports from the Surgeon General have focused On 
smoking and these diseases, These reports h»vr also 

addressed more general and nnrispnclflc adverse 

■cwtswjuences of smoking, ruch as increatad rales of 
absenteeism from work or the utilization of medlral 
services among smoker* in comparison with non* mak¬ 
ers. Conclusions from the reports that relate to these 
oulrxunes ere listed In Table 4.1. Including findings on 
general respiratory morbidity Reports uTIncreased 
morbidity from common and frequent viral and bee- 
l*nal respiratory Infections among smokers have brem 
nMfWKj (U S, DrjennKtil of 1 Irailh anti Human Ser¬ 
vice i | USDHUS] 1990) and arc among the topics cov¬ 
ered in Chapter 4 of this report. However, tire overall 
health status of smokers compared with nansroakers 
bu not been comprehensively addressed in prior Sun 
geon General's rerarls 


Biologic Basis 

Cigarette smoke. inhaled through (he mouth into 

the lungs, rcachrs I wig airways and alveoli. Whore the 
lobauo [trunk p romiKnipnls pans Snlo the syjtpmic 
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circulation (Murray i&BS). The airways and alveoli 
ihnm<u>lvtw are cxpciM-d lu ihe gaseuus and particu¬ 
late niriipmitnis of Uibacio smoke as many of these 
component* readily jixsv ihrmigh the alveolar- 
capMary itmibrair inlelhr alveolar capillaries and 
then circulate throughout the body Nimilw. fnr cat- 
ample, winch ti. amctig tin.4co?rippnent', iw^wj 'be 
brain will.in 10 seconds nfler smoke is inhaled 
flJSDHHS I9B8) li Is ilLuributaJ ihroughoui the body 
and has been fnuml In breast milk (Schwartz 
BlcVenbacb et «| 1 Dfl7; Srhulle-Hubirir) el ill. 1992; 
Golding 199T) and in cervical tnueux iTrokirpcryk el 
el. 1597). Carbon monoxide » diffusible gas, moves 
from the alveoli Into the capillaries where ll hinds 
rightly r«» the hcmoglobi/s of the red blood ceils. 
BenaoMI pyrene, a w«t11 - chuiac i itrizn J cutvinogcti In 
inboccosmoke, car be found bound to (he blood cells 
in the epithelial celh of die airwnyvof Kinukm ami in 
rhelr major organs. The effects of smoking on host de¬ 
fenses and aspects of immune function have been cov¬ 
ered In prior reports (USDHHS 1990. 199+) and again 
In this report. These effects may liave tlie consequence 
pf increasing ri>ks fo<- Infections, whether of I he respi¬ 
ratory tract or other organs. 1 low ever, there has been 
less research to tfatt on infections beyond those of (he 
respiratory tract. This systemic distribution of tobacco 
smoke eonipotties uitderilii the associations bohveon 
smnklng and disease (hut are well dommenitd for 
many organs (nciWing rxrdin vascular disease, stroko. 


The Health Cnnsequenarx of Sxnnbrig 

Tabic 6.1 Cdncluvions from previous Suigeon General s rcporti. conremins jnveking 
as a cause of diminished health status and resplrafory morbidity 
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SitgKin General's Refort 


Table 8-1 Ccoitlnued 


SutclMnl 

Surgeon General * 

report 

'The relanoruhip between smoking and an increased prevalence of resphaloiy 1979 

symploms in the adult lias tatsn well tatublislied In stud ■nfhiKpital undctlniii 
pttienb, working gruujis. toll- ummuriltitn, andfepie,i,i-itivRumplct (if tile 

Community." (p. fi-20) 

‘In snmnmry mew rewni s:u-lIcn i:mor.Hrn:c ah.ghcr 
S .ii.pn h-c in uv ■*«•»> -.vie: ,-riink --1 in-on ■: In .vJ.i-.fr 
lli!i I sic b, Irr I.ilIiix dull 1 irii i:!n'rJ -ms. V 

ski;. mij-hli-Mv •.vot.i'o Hr -U-."' nl i Ignn Ur-iii.-k'nir 
Ixm i ih» m:m*vr n'-.vgsreili-t jtxi v** r *- irvilii; " - j. , 

f.cq jenev i>j rct|i,ni>.-r:/ ’.(ill 

1"-' • »"'k "Iv 

li 

^ 7 

... .It’ll " :: 1" 

■^sas-.kj'.-liu. ■ 

1 be; UK-: I'.ulrm CiM* 

• ^ ..1 .-.iigi- 

‘ jrac-k.r.g n isrll 

spuui.r.; itfeJu'ii . . - 

■tld J-r r . uir.--.i,li. 

i-ugt. .'I:ll- 

■ tor lie T xr.uikrr'. •.- -• - .- 

.. - - rv-j :|.,-fft m " . -,!*flD 

- *i'ikih wnteilh,bsiu cbn, ainl Acltnre IsM, IH6r, Itlrl, lark ittl 1 1 '• ■ 1 1 ^rnrtrncrlaf llfahn 

and HsmanServk.cs IS81X 1984, ln9(l. 

mid canters of the kidney and urinary bladder. The 

widespread distribution may also lead to mon- gen¬ 
eral effect* on health. 

This same sy stcrolc (llitrllxitJon may iwve nori- 
specific effects as well, contributing In a reduction in 
health status. Exposure to tobacco smoke component* 
causes ssnuke-xpeclflr. dbnnn surh as bladder cancer 

(c«r-:lrK>gcnj in urine come In con lace with (he blad¬ 
der) and atherosclerosis probably reflecting multiple 
urrrffTlying m«fiflni*ni5 svfih (n/IammfiCion having a 
central role (Cross et ol. 1999}. Underlying rnc-dumlsnv- 
might iftcldde heightened axldndve stress and reduced 
antioxidant defenses, lucre used tnllammalnry activliy, 
reduced hosf defenses affalnst Ltfection. end lowered 
reparative rapacities of tisiues The evidence on these- 
rncchsnlv7u is at varying levels of tfcvolopnicm. Tfits 

section rncusetorn -lilalivemrrsiasari pxampln. 
selecteii berauie the available Literature Is eslerisive. 

Oxidative Stress 

Oxidative stress rclcrs to an Incn-Hved i-xjiosure 

is oxidants and/or a decreased antkixldaiii capantiy. 

■auteil by Iiaygfm rudkals thai muuue DNA. promote 
atherosclerosis, and lead to chronic lung Injury. Oxi- 
datlvi: stress is now hypothesized to be a genera] 
miahitnlsm underlying aging and many Of the chronic 
disease' associated with aging, contributing to the 
development of cancer, cardiovascular dlseuxe and 

TX5PL1 (Ames ti al. 1995) Muumlug nvltipnc* point.e 
lo chronic oxidative ure*.s as one meduiusm when+iy 
smoking affects health Smoking Is associated wiili 
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Whether the rltffrfeiWTP-. In anLioXldar.l levels 
across smokingcategories refill direct depletion Of 
differing dietary intake has been controversial il smok 
]ng directly depletes untlauldant nikronutrlcnts. the 
effect Would presumably be acute. In Tact, levels of 
vitamin C and selected ranilittuilits liicteascd when 
measured In persons after B4 hours without smoking 
aclgareUe(Brawn 19981, and an expedmenlnl nxpo- 
sure of plasma equivalent 10 six puffs of Cigarette 
tmoke completely depleted the ascorbic add present 
in the serum (Han dolman et al. 1991: fiiscrlchet al. 
19S5). When measurements were taken at baseline and 
20 minutes after smoking a cigarette, decreases In cir¬ 
culating mlcronuirlent concentrations were observed 
[Yeung 1976). 

Smokfog and the Leukocyte Count 

Studies show that smokers when compared with 
nonsmokers have generally heightened Inflammation, 
increased while bloail rail emails- thai remain elevated 
after ceasa lion, and tor r eased level-. of other markers 
of Inf la mmailo n such as C-rcartlv e protein (Allen et 
al. !986: Das J9&5 . do Maatet at 1996. Tracy et al 2997; 
Dancshet al. 1899). 

The assnciminn between smoking and line leu¬ 
kocyte Counl lias Inn extensively Investtgated, with 

numerous studies showing that current smokers have 

higher leukocyte counts than nonsmokers {Table 6.3) 
fn most silt die*, the increase was 20 p« rceni or more 
in smokers compared with nonsmokers and was 
present across strata o f age. gender, and race. The leu 
Oocyte couttrlncnrjscs with the number of cigarettes 
smoked per day anti with tin depth uf Inhalolian. Simi¬ 
lar tJut.i;-response trends ware evident lit other stud¬ 
ies that dkl nut lend thDrruudvc.s tn inclusion lAtlw 

summary tshlrs (Petltti and Kipjt 1988; Sehwam and 

Weiss 1901). Dose-respunse trends lend lobe wcaker 
when examined In relation to either peck-years' or 
duration of smoking, suggesting that smoking has an 
Immediate effect on the leukocyte count 

The findings from former smokers arc consistent 
Willi both an Immediate and a persistent effect of smutt¬ 
ing. In Cumpirtsons with lifetime nunsmuken (Tattle 
6.4), former smokers inrislslenrly have higher white 
blond cell counts bul (he difference Is smaller (han 
that between current smokers and lifetime norwmok- 
cn. fn must of Che studies, the leukocyte munis for 
former smokers were only aboui S percent greater Own 
those for lifetime nonsmokers. The excess Is persistent 


(Pollttl mid Kipp 19B6; Schwartz and Weiss 1991: 
Sunyeret al. 1996). although It <(ocreases with increas¬ 
ing duration nf cessation. b«smilng closer in the avis - 
age counts found in lifetime nonsmokers (Yarrvll ot 
al. 15W7; llansenctal 1890b) Ashan-iermlovernighi) 
abstention fromclgarelLfis did nut strongly influence 
the counts (Noble and fenny 19751. 

Prwptctivp cohori studies have trucked changes 
in lerikocytR counts in relation In changes in smoking. 
In a study o( Kaiser Permanente enrollees in (lie San 
Francisco Bay area, the leukncyie mums increased 12 
perrem among those who started smoking during the 
rollov.'-up but it decreased T partem am eng smoke nt 
who had quit during the follow-up (Friedman ct al. 
1573) In u subsequent SLudy I ha l cumpareU leukoc yte 
counts of 9,392 pimbtenl Miiokm with tisise ol 3,625 
smokers who had quit, the quitters experienced sig¬ 
nificantly higher declines (Friedman and Slegclaub 
1980). in a cohort of homosexual men seronegative for 
human immunodeficiency virus (HIV), Smiyer anil 

rollmgnR. (1996) observed (liai decreases in snaking 

were followed by decreased white blood cell munis, 
and Increases In smoking were followed by Increased 
while blood cell counts. Furthermore, changes in while 
blood cell counts were proportional lt> changes lit 
smoking jialtcrns {Table 6 5). 

These observations nf Inflammatory markers, 
particularly the leukocyte cohtks. are consistent with 
the inrlualnn of systemic chronic inflammation tn 
smokers, perhaps reflecting the substantial oxidant 
Load from habitual cigarette smoking. Sfudlr- nf former 
smokers suggest that this state or Jnllamniatlon docs 
■■at simply relUtf ah acute elf«:l. These observations 
su ppor i one of the median Isms. uxtdali w stress. pro¬ 
posed iTnintilhulliig to (he gcnpial dTects cif smok¬ 
ing un health. 


Epidemiologic Evidence 

Absenteeism 

Absenteeism from work Is frequent and costly 
(Steers und Rhodes 1976); Its multiple causes ImluLli- 
individual and organizational faclorx (Steers and 
Rhode; 1978). Researchers investigating the effect of 
smoking on absenteeism race the challenges af i:un 
trolling for potential confounding by individual level 
fact ora such m alcoholism. and spec Hying how smok¬ 
ing could act In combination with other factors at both 


1 Pack-years -Tha numb*r o (years of unoXing multiplied try the number of packs of dgaruLtcs smoked per day. 
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Individual ant/ group lewis. While the literature Is 
extensive (Table 6.6), the studies very in the success 
with which these elraIIeuges have been met, partially 
reflecting the extent and quality of available data. 


In studies with varying designs conducted in 
diverse lucaliiiu.s. rl yan-un smokers consistently have 
had higher rales uTabsenteeism th»n noiMiriukcn 
(Tnlite 6.6). The evidence also indicates Chat The dura 
Urn* of sickness absences tends to be longer for smok¬ 
ers and smokers miss more cumulative work lime Hurt 
nonsmnkcrs The association between smoking and 
absenteeism has been .. icrval in both men and 
women of all ages&lckm ab*»TK:r* have been mea¬ 
sured In a vari* v of ways, Including lost worktlmc 
per n nit of tilth' "i V ,J -- r a bser(" ' n. and the du¬ 
ration of abse-- I 1 / r n:J ngihat mi. king bt BSMxd- 
atedwllh • •■■■■-•■-• >■ ■, ardV%v.>f jhe Index used, 

tlociinien. • •n- \ > ir >i .he >l■ j i ed association. 

Ahh--n[jh m ■ ... - .vreea •• mcUoubI or retro - 

.s|K't:iive in desl;: v two were prospective colinristud¬ 
ies (North Cl al . 1063: N led hammer et at. 1958) and 
anotlior studied smil m|:; hAion'ix- in relMiiimio work¬ 
place attendance ir -1 i Ik during llip preceding nine 
yian (Hnlrronb and Milgs 1972) The findings of (here 
prcs|iettlvi;niudu» confirm 1 1 kit 5 mi iking pin: pried ihe 
■iMcnieeKm In a few studies, the association with 
smoking was ohsoTved primarily In men but twit In 
women (Green et al. 199Z; North et al 1993). but In 
general {ho findings have been consistent across a/f of 
this subgroups sludlcd. Of the 30 studies that were the 
suun-.ivkfurihi: dam abstracted Into Table 6 lB. 17stud¬ 
ies found that absenteeism among smokers was at least 
20 percent greater chan mi rung nunsmukerc In all sub¬ 
groups 

Two additional reports nut Included In Lite table 
a/so provide evidence of an aauxiaiion tietwron smok¬ 
ing and absence ftenuency [Ferguson 1373: Donaldson 
<1 el- 19D9.I. lit a study uTSlB mm employed In four 
occupaiitmal groups In Australia. Ferguson noted that 
. the employee with repeated absence also tended 
(p *0.10). more often than the rcslster" {employee with¬ 
out repeated ubsciutm) . .u>smnk<? more than 15 ciga¬ 
rettes vfaliy" (Ferguson 1373. fi. 336). In a study tif 146 
lumber company employees, a tobacco use stale was 
not nutria ted (r«001) with abseil I rctem (Donaldson 


In several studies summarized in Table 0-6 that 
assessed the relationship between cut rent smoking and 
absenteeism (Athanasou 1379: Andersson and 
Malmgren 1985. Hawker and Hu I (by l?6S; Boncrn 
1391). current smokers were compared with all 


non smokers, Including farntvr smokers As discussed 
in (hr following .section. absi'iiteelsiu fairs among 
former smukers are persistently elevated compared 
with those of IIretime nunsmokers. Thus, using an *un- 
exposed* comparison category that Include?, former 
smokers along with lifetime r*unsrr(ake-rs will dilute 
associations that would be estimated when using u 
■pt/rr" urrexfnMrd caiegory constating vilely of per¬ 
sons who have never smoked. 

In the two studies that atsc-ssed ifte doit- response 
relationship with the number <if cigarettes smoked, the 
likelihood orhFingaljscnt Increased strongly with the 
(lumber of cigarette* smoked per day (Lowe I960; 
Hnieomb and Meigs 1972). In a retrospective cohort 
jpwJy of 226 malt,- factory employees In Cimrimteul 
that Included e iol il yean uf follow- up. itv> rale of lung- 
term utuionres Itwrpased I3pei«ni. 57 percent, and 
100 percent compared with nonsmokers for those who 
smoked less than one pack. One pack, and more than 
one pack of dgarctici per day, respectively {Holcomb 
and Meigs 1972). In a study of mure than 3.303 main 
Ccn«al Electric employees In England, tlt^puiiibn-uf 
tlaysabscni fur medical reasons Increased 11 percent. 
13 percent, Zfi percent, and 57 percent compared wJih 
no asmoke rs for those who smoked 1 to 9.14 to 19. 2D 
in 29. and 30 or more cigarette* pee day. respcc lively 
{Lowe I960). 

This body uf evidence shows increased absen¬ 
teeism among smokers, while providing only limited 
Information on the reasons for the absences. A signifi¬ 
cant proportion of sickness ataniccs In smokers would 
be expected to be due to smoking-associated Illnesses 
Ailimiasou and colleagues (i960 hypothesized that 
smoking aria as a suwepliblljiy factor. Increasing the 
risks fur Other harmful occnjiatlonBl exposures In one 
study, smoking was assoclsied ivlth a significantly Vt 
creased likelihood of * Worts resulting from problems 
as diverse as back symptoms, digestive tract ^mp 
toms, and neck and Upper limb symptoms (Dlmhcrg 
et «i. 1999 ), a recent review summarizing 39 studies 
showed an Increased risk Tor hack pain in smukers 
compared with noiruuokers in ihe majority of studies 
(Goldberg el nl. 2000) In another study. absences were 
elevated not only for 'medical reasons' but also for 
'other' reasons (Lowe 1960). Substantial evidence a Uo 
documents that smokers are more likely than non- 
smokers la have on-lhe-Job Injuries (Lnwe i960: Nam 
mol, 1966: Reynolds el si 1994: Forrester H al. 1996). 
Because smoking Increases absences for a broad set 
of health problems. and not Jusr specific smoking- 
avnriaied illnesses, the underlying causal pathways 
are likely to be multiple and general, reflecting the 
systemic nature of tlio effecis of smoking. 
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The evidence Is cons 1st cm ihat former smokers 
are less likely to he ahsenl from work win pared with 
persistent smokers. Former smokers tend to have 
somewhat higher absenteeism races than persons who 
have never smoked iTahle 5.7). but the Increases are 
much smaller than those fur current smokers. The 
analysis jjerfojTiw*! by Wooden mil Bush (1995) with 
former smokers fn ■ 4.812) in the 1989-1990 Austra¬ 
lian Matinnal Health Survey Illustrate the seemingly 
paradoxic relationship between Quitting smoking and 
absenteeism in a multiple regression model that in 
eluded both the duration of active smoking and time 
since quilting, the number of years that a former 
smoker had smoked remained a strong predictor of 
absenteeism, and the likelihood of absences declined 
gradually over limn sli)re cessation (Wooden and Bush 
1995). Similarly. Manning and colleagues 11989) found 
diflcrences between rcctnl and nusinhurl qulUcrs and 
observed considerably higher absenteeism rates for 


recent quitters compared with long-term quitters- 
These results Indicate that bolh prior smoking history 
Hiui lime since quitting an- taelim, strongly associated 
with alMenteel«iv but in opposite directions. This pal 
tern may arise because some smokers may quit when 
diagnosed an illness caused by altxifciug, ami the 

recent quitters may thus already have a smoking- 
induicil illness that predispose* them to lost wnrktlim. 
tu (literjircbi'ig evidence linking smoking to a 

diminished health sialuc, Including absenteeism, 
untangling die direct effects of smoking From the In¬ 
direct effects Is challenging, hs smnins and nonsmok- 
m may ill tier tn jxjlirni ial confounding factors. None¬ 
theless. given Ihr sraipe oflh*: evidence available and 
the ill versify of the populations studied, the liK-ntcure 
docs provide insights into ihr role of smoking as« 
cause or absenteeism. 

With regard to confounding, alcohol use (s a 
major factor nTconcern. Alcohol use has been linked 
tu absenteeism in some studies, and smokers drink 
more than nnnsmokers (Smith 1970; Turner 1988; Ault 
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Nohsmokers 

(referent) 


Penrertage difference 

Smokers, By category of dose (1 - low) 


3U.4 37.2 40.1 NR NR NR 

3M 41.8 NR NR NR 


et at. 1995: Marron) i t a). 195*1, Vassc n a). 1998). Smok¬ 
ers an: also man: likely hi be heavy alcohol drinkers 
and to use illicit substances (Met rill cr ul. 1999. Besi el 
al. 2fXX>: Brafnet ol 2009. Dawson 2000). and heavy 
akohnland illicit substance use rattier titan cigarette 
smoking, could increase the likelihood of wurkplatc 
absences, jiudlr.s ,'Jiar wrijiwlrd for nhtohof consump¬ 
tion have generally (Hendrix and Taylor 1987: Bush 
Mini Worn I i n )9ftS; Wooden and flush 1995). but not 
universally (Aiilr eral. 1991), found smutting to Ixihs- 
soctalcd with frequent absences, Implying that ihe 
association of smoking wlih alcnhuliMn Is nol due to 
confounding. Studies wrre no< fottiui ihat accounted 

for Illicit substance me In assessing the association 

between Kniuklng and workplace absences. Less likely 
Is I fie prudWlity rhaf the association between smok¬ 
ing and absences leflcms ccjiiTaiinrllng by characteris¬ 
tics dial arc linked bulh in smoking (we the section cm 
*f fealth Status* later in this ruction) and to an in¬ 
creased ilsk fin frequent absences. For example, 
wumen are cunslslentiy absent ft-nm work more oiled 


thaItmen(Leigh 1983; Pines « *J 1985; S/elnhardl e( 
al. 1991). But women ovtuine ti Hlsjiruportionale share 
of family responsibilities such as Slaying home with 

rdi.Tc children, and the relative importance of smoking 
may therefore be less. Observations nf persons with 
■psychosocial problems* (LcljbnuudMlkaclssun 1984) 
4lid anxiclVV'neurose.s (Taylor IMS Ferguson 799.1) 
dot u mem increased risks [nr absenteeism, and if such 
persons are mure likely kj smoke, confounding is pos- 
sililu. Given the range of populations studied, con- 
founding by psychosocial factors seems unlikely. 

OTihc relevant pathway fallow leading in health- 
reiatwiabsences, ay: Is ihe primary demographic rhar- 

acteiisiii; that is a potential modifying or confotibdliig 

fart or. Socioeconomic status, another potential con 
founding tn modifying factor, is Inherently restricted 
In Studies within occupational groups Age IS associ¬ 
ated with both absenteeism (Pineset al 1895) and 
health status T?u_- assorlHilim between smoking and 
absenteeism has been observed consistently across 
a broad spavinim of age strata In ihe summarized 
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Table G.6 Studies on the association between current smoking and absenteeism 
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rosults. Implying mac the association docs n« reflect 
ccnraundiiig by ago. 

Only a few studies provide prospective data cun - 
ceminjj absenteeism following smoking cessation: the 
findings suggest that smoking cessation is associated 
with heller attendance at wort , A particularly Infor¬ 
mative study c end tutted with employees of a NurOi 

Carolina pharmaceutical company compared the at¬ 
tendance patterns of former smokers before and alter 
quitting with attendance patterns of a matched group 
of persist out smokers (Juukson el nl. 1089). In the lime 
preceding xmu king ct-mU Ion by I hr cessation group, 
the perelsterg smokers tended to hive fewer absences 
than the smokers who went on to stop smoking How¬ 
ever. during the three yean Tallowing cessation, the 
mean number of annual sick days declined among 
those who quit. Absences continued to Increase for per 
ilstenl smokers, Imrilng to b wkittling gap in ikiaites 
between the two groups. The study was small, with 
tpnly 70 persons participating. In a ruiiilnmlzed trial of 
ntrw* worksite smoking cessation programs, employ¬ 
ees who were smokers at baseline bed a significant 
■eduction (p - 0.002) in self-reported Sick days after 
stopping jmokJrqj (Jeffrey h el. 1393). In another study 

pvahsUrig a work plum lustlth promt*iuu program that 
ifduml smoking prevalence, thrauthiin repaid pH sdg- 
niflcant reductions in absenteeism for program par 
ttcipanti but nut for nompmldpuiB (Wood etal. 1989). 

The evidence that reduced absenteeism follows 
cessation complements findings liased on comparisuns 
of cunein ittujkare with nunsmokcra. The reduced tale 
afler cassation Hipfarln a causal I n re rjrr elution. rather 

thin attributing th# aisoebiUon re an indirect pathway 

or to confounding [actors 

!n summary, there is consistent evidence deni 
castrating 'hat employees who are current smokers 

have a greater likelihood cf phsenras from work com¬ 
pared «*1ih employees whq have never smoked- Ad- 
dItImral evidence Is needed on dose-response irends 
and, more Importantly, or charges in absence rates 
before iml after smoking cessation. Other reviewers 

have concluded that reduced absenteeism could lead 
to [xjicnLla] savings lhal can be accrued from smoking 
cessation programs In the workplace (Krlsteln 1983; 
Warner el al. 1996). 

Medical Services Utilization 

Me HI ral services limitation provides miotliL-i 
mamre iif the global effects of smoking on health. The 
mosr important ulitorlAA Indicators in studies on 
smoking can be grouped Into three general categories; 


(1J costs. (2) outpatient visit rates, and (3) hospitals 
lion rates. Interpreting tlm.se findings requires consid- 
enuivnof the many factors Influencing nmllcal ser¬ 
vices utilization Smokers, for example, are less likely 
than tlonsmokers to use preventive Services such as 
srriwintng (Beaulieu et al, 1996; Etiwards nnd Bnulet 
1997). However, lire high in cl dunce of smoklng- 
induced diseases among smukets will tend to drive 
Ihelr rnerileal care needs. The socfoeninomlc anil edu¬ 
cational differences between smokers and nonsmak 
pis also complicate dam InUrrprelation IipluuSC of 
potential confounding CumpaiiMlns or smokl-rs 

within well-defined groups, such as particular 
workftm es or heallti care plans, should prnviclo unbi¬ 
lled comparisons 

Coses 

In evaluating the rttlal kinship bciwmi smoking 
and medical care rixsls. only those studies directly lid- 
dressing i-vprwdllure.s wire consldenr} (Tsbte fl.*}. The 

Hlerature on comparative lifetime cosis of medical rare 

for smokers and nonsnicikers based oil assumed mrjd 
ets and projections was not considered relevant to this 
chapter. Of the seven studies reviewed, six showed die 
medi«d costs of srnukers Co be greater by at tea?' 15 
percent in at least one subgroup. In one study of en¬ 
rolled In a hculili malnltmiuitL-organl/ijiiuri. smoker* 
had costs 25 percent higher than no ns makers among 
I hose younger than fi5 years of age, but fewdlUereiuw 
were ohserveil In I hose age 65 j-iara nr older (Terry et 
al 1998. Only the study by Vogt and Schweitzer (l99S) 
on enrol lees In Kaiser Permanent? found no dUTcrencr-. 
between smokers and nonsmokers. 

Two studies run Included tn Tabic 6 8 we also 
relevant, fn a |>i>|iuhllnn of retirees followed fur one 

year, smoking was ajwdatcd with added health sire 
costs nr more than S l ,900 per year per pack ol ciga 
redes smoked per day. after adjusting for age. gender, 
education, seatbelt use, and alcohol consumption 
(Leigh and Fries 2992) In b study conducted as pan of 
a worksite health promotion program in Birmingham, 
AlabruTd. smokers were fuund to have Incurred more 

costa [hantnnsmnkcrc, tul the data were mil |nvwntt:il 
(Weave, ct nV i<w»>. 

Durpmteoc Servian 

In Sftvcml studies (Table 6.8). smoker- were at 

least 15 percent more likely than nurismnkprs It) line 
outpatient services (Peters and Ferris 1967: Falmore 
1970: Clietwynd ami Ruyner 1986: Freeborn M al. 1990); 


PM3003724130 


Source: https://www.industrydocuments.ucsf.edu/docs/skmj0001 
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4,8)2 randumly sampled formersmokers. 
Australian Mstlmil Health Survey 


disease led Cu quilling The extern of smoking before 
qululng Is a determinant of risk, htvI risks fell for many 
Hi.lenses as the duration of quilling lengthens. The 
somewhat inconsistent findings may reflect (I) the 
heterogeneity of former smokers in these studies and 
(2) analysis .■amlegta Ihsl did ml fully account fur risk 
determinants In tin* funner smokers. In an analysis of 
the 1990 Nations! Health Insert-lew Survey data that 
accounted for time since quilt lug, former smokers had 
’rfg.rtlflranlly mare hospital admissions until 10 years 
following cessation, at which point former smokers 
and lifetime nonsmoki-rs tiad similar numbers of Imjs- 
plial admissions (Halpem and Warner 1994}. 

The dtnlcal trials of Wflgrnxand colleagues [1995) 
provide aJiill Innal evidence. Two tejnalluii Irish 
followed participants and collected medical care utili¬ 
zation data. After six year of fnllow-up. quitters ex 
perlenced reductions tn outpatient visits, hospital 
admissions, and hospital Jays In both trials compared 
with persistent smokers. In contrast, medical cam 
utilization continued tu Increase among persistent 
smokers: 7 tu IS pprrenr for autjiallenl visits, 30 to 45 
percent fur hospital admissions, and 75 lu 100 percent 
hir days spent In the haiplial These divergent pat¬ 
terns In (lie use nr medical iarc services rexulted In 

substantially greater rates of hasp n all ration, hospital 
days, and outpatient visits for persistent smokers 


SirYiral studies suggest that smoking may have 
agrealn |rn)ratS unthe youngest age groups Cumjaivd 
with older age groups More frequent use of oueps- 
llent (Peters and Ferris 19fl7: Newcomb and Bentler 
1U87J and inpatient (Newcomb and Bernier 19B7) ser¬ 
vices inning smokers than among nunsmokers has 
been nliKttrverl even in adolescents and young udults. 
.suggesting (hat the different:*!, observed Insmnking 
and nonsmoking older adults are nul -solely a result of 
smoking Induced diseases. In fact, in a few scudl&i 
higher levels of service utilization were observed 
b truing sinokfu than among nonsmokers in the 
younger Hgi: groups. I>ut such differences wot vltlier 
not present nr were reversed In the oldest age groups. 
This pattern Is evident In I hi- cross-sections I nralyspa 
of Ihe 1970 U S. National Hi-jllh Intrrvii-w Siirw-y rtara. 
a random sample ol L‘.S. households In which both 
smoking men and smoking women had a markedly 
higher number of days hospitalized per year than [heir 
nonsmoking turn uciiiiirts until they reached tlieir mid - 
40s. at which pc In thi: differences between smokers 
and mimmokers became mo a- subtle (Wi-liikain cl ul 
1987). 

In general, compared with nonsmokers, smok¬ 
ers tend to Incur more met!leal costs to see physi¬ 
cians more often In the mu pa [lent setting, and co be 


OR* for Incidence or absence during past 2 weeks 
(model td) 


The He-*)[it Cwamj umces at SntnMng 


Adjusted for several potential cunJimnriere 



h i .srrv .-.'[-Im 


admiiterj lo the hospital mure often. Among patterns 
admitted to the hospital, smokers luw lunger lengths 
of slay and Incur greater expert*** iwt admission them 
l&nsniokvia. Less informal It in Is available concerning 
ihc use of medical services such as prescription drugs 
and einrryi’nry depart mem visits, but increases fur 
smokers cuiup*reel with nonsmokers have also been 
observed will, respect to these outcomes (Chctwvnd 
and Rayuer I SMI; Miller ccal. 1999). Although srnok- 
use more palliative urc services, as demonstrated 
by this review, smokers hunt been less likely than nun- 
smokers to use preventive services such as muhiphaslc 
testing (Oakes ei til. 1974) dm! screening (Beaulieu et 

al. 1996. Edwards and Bouler 1997) 

Postoperative Complications 

tn comparison with nnnsmakers. smokers have 
tirm hypothesized to beat a higher risk fur postop¬ 
erative compile adorn because of a greater frequency 
of chronic diseases, impaired pulmonary reserve, al¬ 
tered immune responses, and impaired wound heal¬ 
ing. Higher rates of postoperative complications In 
smokers could contribute to the greater costs that day 
incur for health care aervli ev 

Substantial clinical and experimental irwarch 
has been conducted mi the tckivHtii effects of smoking 
on hosi defenses, immune responses, and wound 


healing. As reviewed«]v •- herein rhts report and In a 
previous Surgeon Genrii. s report (V5DMIS 1090). 
smoking prciiliir.es a range of effects on respiratory 
defense rnti hanisms thaL may increase the risk for 
pusruperarive pneumonia Compromised lung func¬ 
tion and Ihe presence of COPD Increase ihe risks for 
nxptraimy complications, including resplralary fail¬ 
ure. The Increased likelihood of coronary heart dis¬ 
ease (CHD) in Smokers Increases the risk fur tar rl lac 
events during and after surgery. In animal and clini¬ 
cal models, exposure m tobacco smoke and nicotine 
specifically Inquireri aspectinf »nund healing (Brown 
«i al. 1986: Slleox et al. IMS: Havcrstoch and 
Mandruochla 1998: Jorgensen et al 1998; 1 Id llinger et 
ul 1999). 

The literature on postoperative complication* fa 
extensive, and diverse in ibe scope of enmplit talons 
a?sodatc<J with smoking. Table 6.11 pruvliles evidence 
for Idwct survival rales after surgery for smokers Com¬ 
pared wiib nonsmokers and suggests that this in- 
crML<u,d mortality may reflect a range of specific ami 
nouspt-cirir consequences of smoking. Including * 
greater risk for postoperative complications related to 
[he surgery. A number al reports address specific 
surgical complications such as flap failures, wound 
infections, and poor orllnipcdlc oulcumf-ji A similarly 
diverse set of reports aim latently shows that smok¬ 
ing alsu Increases the risk of expiratory complications. 


00-84 years ac baseline 



Source: https://www.industrydocuments.ucsf.edu/docs/skmj0001 
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tobacco, nonsmokersI l-c r i'-:vcrused tobacco: 
slight present use of ( II i . whs defined as 




1-4 cigarettes pet day. Igan and ■ ■■ ilpii 

jinrcljy icrtcsinrwl use or snuff, or tx - ^ 1 anal 
(ubacLu chewing; moderate present uSC WUi 
defined as 5-10 cigarettes per day, 3-4 cigars 
and/or pipes per day. frequent use of snuff, or 

frequml tnhacm chewing: heavy present u» 
was defined as £11 cigarettes per day. 25 cigars 
and/or pipes per day, U instant use of snuff, 
or constant use nr chewing tobacco 
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Oulpflllnnt services 



Ashford 1973 

32,310 residents of Exeter. United 

Home visits 



Kingdom, aged «:IS years 

Men: 15-28 years 

3d 44 years 

45-59 years 

260 yea is 

Wtimrn: 15-29 yciii > 

30-44 years 

45-59 yraiA 

2 60 year* 

I fospftal outpatient 
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45 -59 years 

260 years 
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Table AS Continued 



Study 

PiipuUltoii 


Outpatient services 

1 lalpem and Warner 

1994 

19PR 1 National Health Interview 

Total 

‘d Lvn 'n. 1 •■■■!> 

- 1 Ni.llmcil M -ilit.l Kata ml-, ui- 

I'n; 1 

] Impjral Ira linn vlrqia 1n:i sr-rvlM-s 

Palm ore 1970 

268 community volunteers, aged 

60-94 years at baseline 

Tula) 

A-d'l 1173 

i.Ln.:ed 
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Table 6J0 Continued 


Study 

Popular iun 

Croup 

Hospital Ixallons/fnpaticut hui-vIlv* 

Halpern and 

Warner 1994 

i960 f.'-S. Nniional Health Interview 

Survey participants 

Quit 0-2 months 

Quh 3 iaon:1t--l year 

Quit 2-4 yi ■■ •; 

Quit 5-111 jiuiix 

Quit 11-19 years 
?u'tR2KI years 

'.tnj-.4-'I r*»f 

l, '6n i(MOar,r.:l(vie. ajj.- i M3 y nr. 

A^Je -& • -.i-nr. 


Hulpmi iuul Wartirr 1994), hojIu ixmdltlons (Ealarajan 
p| il 1985). und physical lymptomt (Macnec 1991: York 
apH Hirsh 1995) An imxeiudng number af cigarettes 
smoked per day was consistently assnclniprl with 
IntTtnsrd rfcilui for symptoms or lllntait.es (Balarti>mrt 
al 1985; Marsdenetal. 1968: Joung et al 1995), and 
with a greater likelihood of rating orw s health as poor 
ijmngel ol 1995; Puikulaincti cl al. 1996; Marderbocka 
el a). 1999) (Table 6.13). vvilh differences between the 
highest and lowest exposure categories of about 30 
percent or greater In every study that aw-vsed dn*e- 
response trends (Table 6.13). For several measures of 
poor health. iHh ritfTerHnres between rcmicr smokers 
And lifetime nun&mukirs liable 6.14) tended CO be even 
more striking than for comparisons Iwiween current 
smokers end lifetime nonsmokers, prubahly because 
of the Increased likelihood of quitting among those 
experiencing symptoms or diagnosed with Illnesses. 

A few si utiles. HKpmiitei) reports Qf fatigue or 
tiredness- In a survey of New Zealand women who 
worked ll home xmtikerx were 71 pcrtL.nl murcllktily 
than nansmnkers to report frequently frellug tired for 
no reason (Chetuyftd Jkttd Ray Per 1988) In 3 study al 
retired persons Indie United Slates, after adjusting for 
age, ciinenl smokers were GO percent more likely than 

ll foil me noiisniukim Id rejjnrt SerOitlln^ Very till'd 
easily (Rimer etal. 1990); fumn-r smokers we re 25 per¬ 
cent mot 1 - likely titan lifetime nnnsruutara l<j t opsin 
gelling very tired easily (Rimer «•! al. 1990). 


Smokers tend to rate Itroir geivrwl level uf well- 
being lower i ha p do nnmmokers whet lief well-being 
is measured directly (Dermersietn et al. 1994). av.e«usl 
rrvciall as quality of UJe (Slppel et a). 1999). or rated (o' 
degrees of general satistacclon with life (Blair et al. 
1990) (Tub !r 6.17). Similar findings have been observed 
wh«n former smokers were compared with life lime 
nonsmokers (Table 6.14) (Blair et al. 1980. Slppel et al 
1999), Conversely, compared with lifetime nensrm>k- 
ers current smukers imul In rate themselves as more 
dtsaaiialTed with life (Table 6.12) IKapiio and 
Koskenvuo 1968), hut few dlfl'rcni'Cs in the prevalent!! 
rates of life dissatisfaction were alnerveri between 
fuuner smokers and nonsmokers [Table 6.14) (Kaprlo 
and Koskcnvun 19BB) 

With rispxl lu rnenlal health and well being, 
sinnkerx tend to rale themselves slightly lower un 
measures af mental health or menial well-being 
(Wakefield et al. 1995; Wooden and Bush 1995: Slppel 
et al. 1999). In addition, smokers are more likely than 
nonsmokcrs to liovc psychological symptoms such as 
Oppressed mood and ]>hntiic anxiety (Matarazzo and 
Saslow 1980; Maenw 1991: SehtMiilwrn anti Norm 
1693). In lI k* fliiuth Wale* study, not included in tin: 
Summary tables, current smokers had a mean SF-36 
mental health score that was slightly hut nnr signifi¬ 
cantly lower than that oT people who had never 
smoked (Lyons etal. I9M). Former smokers also tend 
tu rate themselves less favorably than do nonsmokcrs 
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Rcxulls 

Nonsmokers 

Percentage 

iHHcrencc- 

Comments 


1.79 

1.0 

79.0 

ORs for hospital Ddmlsslotu 

2.59 

1.0 

159,0 


1.25 
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1.32 
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(Table 6,14). The dlffr rente I--wren former smokers 
and lifetime nimsmokcnt small with respect to 
mental health ami well-briny (Wcizler and L'rsano 
1988; Wooden and Bush 1995: Slppel ct al. 1999). but 
were itmre marked on measures of sycripuiitb or mot - 
bltiity (Table 6.14) (Lillonfeld 1959; Linde iillml ct al. 
1972; Macnee 1991). A strong dose-response trend was 
observed between smoking frequency and depressed 
moods in nationally representative U.S. data from the 
NaiinnR] Health Interview Survey (Sdiui-ubam and 
Hurra 1993). However.dose response trends generally 
tllti not occur for mental health measures (Tahte 6.13) 
(LmilKnthnl et al. 1972: Wcizler and Uraano I 58B. 
Stansfeld oral. 1693). 

Studies of physical furctlonlng. or functional sta¬ 
tus, among elderly populations also provide relevant 
evidence Although they are nor a focus of I his review, 
such Studies have provided prosjn-rlive evidence that 
cigarette smoking Isassociaird with accelerated dt 
dines in physical functlun (Plnsky et al. I9B7, Guralnik 
and Kaplan 19)9: Berk man el al iwy? StrawUridgc 
1993) An analysis of data from the Honolulu I lean 
Study allowed thal smoking was Inversely associmed 
wllh freedom from clinical Illnesses, physics] Impslr- 
Iiient. and cognitive impairment (Reed et al. 1999). 

The evidence provides b clrnr indication 'hat 
smokers ptrcckve their Ivalth as poorer than nons/nok 
or* perceive lltirira. Smoker, report more symptoms 


(Including menial health symptoms) and III nr.« epi¬ 
sodes. feel nun- tired, and tnu>>lower ratings furphysl- 
cal liealth statu*. Cumparwl with nommokws. *mok 
its even report lower overall levels of well-being for 
reasons that may at lead partially reflect their dimin¬ 
ished health status. The consistent Indications of a 
poorer health status among smokers compared with 
rvnwmokers across numerous health sttttb dime miens 
provide direct evidence that smoking is associated with 
a diminished health status. 


Evidence Synthesis 

This section reviewed evidence on smoking and 
a diverse bui lniwrelated set cf measures <jT health sta¬ 
tus. Although the measures are nomperifit and likely 
io be affected by factors other than smoking, there b 
abundant tuul consistent evidence that smokers gen¬ 
erally have a poorer health sinius than nonsmokers 
This sec [Ion reviewed findings on se|f-ffiported health 
statuses, aLwrneelsru, and medical services utilization 
iuU'.\ ks well as ."nmji licit tons of sutglcal care. For each 
of these outcomes, (he weight of dip evidence Indicates 
an advene effect from smoking. TlkTeare flirty slud 
les with differing designs and a variety of popular tons. 
The strength i»r [hc&uucInMon with smoking is vari¬ 
able across the outcome measures and acmes study 
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Table 611 Continued 

Study 
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Outcome studied 
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StTioktTiR was alio associated witlmridt of 
physical symptoms In both genders 



r i he Health f'.visaqi lewes of .S'rrwJfl n/ 


Loss of Bone Mass and the Risk of Fractures 


_ R faults _ 

Former Percentage 

smokers Noosrackerj difference 


Percentage sometimes/VL-ry often 


In the United States, of thr esthnaurd 85D.OOO frac¬ 
tures per year in persons €•' years of age and older, 
rwarfy 300,00(1 are hip frertunss i App!p anti Haym 1994: 
Coders for Disease Control anti Prevention |CDC) 
1996; Hay el *1 1997). Approximately 33 perceni of 
women and IT percent of men experience a hip frac 
lure If Ihey Uve to be 90 years old (Mazes: 1982; Melton 
and Riggs 1987). Mortality in persons with a hip frac- 
umt IS 12 U> 20 percent hlglter tlian In persons without 
u hip fracture uf similar ngu. race, hikI gender (MlJUtr 
1976; !«aacn and TundevoUl l9T9. Weiss tl d. 1963, 
Jttnefl 1984; Kerwora el aJ. !9W:KwtljfcUl et aJ 1964) 
The rsUmalnl annual iwli for medical and nursing 
servtcp* rebred to hip fractures range from i? billion 
to 110 billion (Rayet el. |9»7). From July 1 991 Ihroutfl 
June 1992. cost* to Medicare for 10 types of fractures 
wereosimaled al HZ billion (Baron «al, 1896) More 
over, continued growth of the elderly population ran 
be expected to dramatically Increase the number of hip 
fractures, because hip fracture Incidence raws Increase 
exponentially with age (Melton and Riggs 1937; Ml-Iioii 
C l at. 1987). 1C these demographic, and incidence trends 
continue, the number of hip fractures may well double 
or triple by the middle of the century (Kelsey end 
Hoffman 1987). With their frequency, adverse quality 
ofUfe Impacts, and economic testa, hip [tinum> are 
Bit urgent and major public health problem. 

Botiw mbiend density (BMD) is one ufthr stron¬ 
gest inriiratnrs of Ihe risk fora fracture. Several cohort 
studies have confirmed that even a single low BMD 
measurement is associated with the risk of a lain frac¬ 
ture (Cardsell « ai. 1989. Hui ct al. 1989; Cummings cl 
pi-1993) Fpr each nahdud deviation Uetiwee InBWD, 
the estimated relative risk [RJt) of fracture* ranged 
from 1.5 tu 2.6, depending on the sire that was irraa- 

.surer! (Marshall ct »1. 1998). Therefore, discussions of 
Ihfr possible adverseelfccli from smoking on bone 
health should consider both BMD and fracture.* as 
outcome measures. An estimated 60 to 80 percent of 
the bone density variation i* captained hy genetic 
factors (Eisman 1999.1. leaving 20 to 4D percent i»r die 
variation allilbumbie lunongeimtr furfur* Smnklng 
l< an important modifiable risk factor lu both women 
and mm 


Conclusions of Previous Sw-goon 

General'* Reports 

Harmful effects of smoking on *he skeleton have 
been recognized for several decades hut the data were 
not sufficient to conclude that smoking adversely 
affect* boric mass (L'SDHHS 1D90); howi-vcr. the most 
recent Surgeon Generals reptilian women and si nak 
trig (USDHHS 2001) identified smoking as adversely 
affecting hone health and increasing ihp risk.* fnr frar- 
ittffcv Tlrv rejiBii ondwled that smoking adversvly 
affects bone density and I releases the risks for hip Frac¬ 
tures In postmenopausal women. Specifically. the con 
elusions were that (l) postmenopausal women who 
currently smoke have lower bone density than women 
who do not smoke; (2) women who currently smoke 
hive an increased risk for hip fracture compared Mich 
women who do not smoke: and (3) the relationship 
among wortiwi between smoking and tin- risk for bone 
friiCLUtu at sites u Liter than the. hip is not clnit 
(USDHHS 2001). However. bi-cai.se .r.uk osteoporo¬ 
sis also hna been rtt^aloed os a cumldrraMaJIspaw 
Imrcfon. Ihe mlpuF smoking In male hone health also 
deserves uinsidcrutlDn. 


Smoking has the potential for direct and indirect 
effects an skeletal health and the risk of fractures. Di¬ 
rect toxic effects of smoking on bone cells may be re¬ 
lated 10 (he physiologic r-ffciK of nicotine {Fang et al. 
1991; RiebcJ eta]. 1995) or possibly cadmium In tn- 
baL-cosmoke iBIiattarharyya et al. 1988). Indirect ef¬ 
fect* of smoking on bone cells may result from de¬ 
creased Intestinal calcium absorption (Krall Hrd 
Dawyan 1 iugtics 1998). reduced lniukcdnd ltnvcrlev¬ 
els Of vitamin D (Brat el al. 19 D 9 ), <ir afrerat km: in I lie 
metabolism or adrenal ccn tlcal and gnnudal hormuo*-* 
(Mlchnovirz el >1. 1986; Khawr.l al. 1968: Baron or al 
1995). These direct anil Indirect effrils may account 
fnr ihe generally observed rleerease in markers of bone 
format lu n such us ci.struralctn in Hsiukcm compared 
wUli rumsiuukers (Brat et al. 1999; Bjarnasan and 



Source: https://www.industrydocuments.ucsf.edu/docs/skmj0001 














The HeoMt rnnsapinvwsot Stroking 


Crrisiinnsi-n 2000). Smoking might also indirectly 

influence banc dcuslly through reduction vtt body 
n’fight. slnie body weight (e rids to lie to we r fur amok - 
ers ttvan lor nonstnokers. Thla weigh' difference may 
Itself lead 10 lower Ijoaic density and an increased risk 
for e fracture (Klclet al. 1367; Cummings*i al. 199S). 
Smokers also tend to have »n earlier menopause than 
nonsnvoke rs. thus rn tending (he postmenopausal pe- 
rkxi of accelerated bone mineral tos* (UhDHHS 2001). 
Filially, smokers lend to belMsphysfcally active than 
nonsmekert and activity level Is waacintriJ with bone 
density and hence risk for a fraetta e (Grrgg H at. 1 fr&fi) 
la several analyses involving Wuiwn, tlw. lower 
weight of smokers compared wilh nonsmokers ex¬ 
plains pan of the lT*«i-Bsnl risk fo^ low BMP associ¬ 
ated with smoking (Bauer n al. 1993). However, ihr-re 
are difTeroncw in HMD and In fracture rates between 
smokers and nnnsmokers even after adjusting Tar 
we'ghi differences, suggeitlng (hat the weight illffor- 
ence alnnc does not explain the effects of sitvuklr^ (Kiel 
Ctal. 1692. 1 feyB; Ejjii iiasui ami ChrbtiHnsen 2000). The 
li»wer v/elghi In smokers may increase the. risk <i( frac¬ 
tures, such as hip frailums, through several mecha¬ 
nic v, i l Jtesl wfi mass trvmlaylng the ito- 

chai .lliing in |.-v- trgy absorption from a fall 

□n ii' hi.i. iMlticuri v.i ,ghl loads on the skeleton; ur 
reduced conversion of adrenal steroids Into sex ste¬ 
roids In adipose tissue. The antiestrogenic efferl of 
smoking also may ciintribulii linKinqinrotlHln women 
(Jensen rl at. 1585; Jensen and ChrKdansen 1988). and 
may red into the bcncfils nf hormunnl replacement 
therapy (Komutalnrnei al. 2(100). In ■ Finnish (rial of 
uMvupumsti pir.vr.miim. smoking wns associated with 
h nonresponse in hormonal therapy, at assessed by 
changes In BMP {Komulaintn el uV 2(100).Lens cun- 
sistenl evidence for h blinitml response in estrogen by 
smoking was reported fiomu Danish trial Otjimaion 
and Christiansen 20W). Ifilertstlfigty. although estro¬ 
gen appears lo bn a critical hormone for male skeletal 
health (Slemende « al. 1997; KhOSia « al. 199B) smok¬ 
ing does not appear ro modify the association between 
rat radio! levels and boat density in men (Amin et al. 
1969). Finally, smoking may Increase the risk of frac 
(\tT« through reductions vn physiol perfoTmance ca¬ 
pacity. thereby increasing ihe risk forfaits (Nelson ec 

al. 1M4) 


Bone Density in Youftg Men and WiMnen 

Epldrmintogir Evidence 

Increasingly refined measures or BMD have be¬ 
come available SO that current Studies use direct BMC 
measurements. Before such direct measurements were 
possible BMD was assessed using radiographs, wllh 
ideas urements typically focused on ihe widths of the 
cortical boras In sicessuch as the metacarpal* Direct 
quantitative assessments of the amount of mineral In 
various skeletal sites have now become possible with 
the advent or single and dual photon ubsurpUtimerry. 
fallowed by rennenutnts sucJi as single a ml dual x-ray 
absorptiometry, quantitative icvnjiutnl tomography, 
slit) quan til alive ultrasonography. These techniques 
have all brrn used to genet ate the data summa¬ 
rised I v re. 

In a dulls al any particular age bone mass is de¬ 
pendent on the peak mass achieved up to that age. 
and subsequent losses from the peak are attributable 
to aging and other (actors. The pate of skeletal growth 
Is rapid dmIng Infancy, slower rf u ring chi Idhood. ac¬ 
celerated during puberty, and by 20 to 10 years of age 
the peak skeletal mass Lt attained (Kroger et al. 1992: 
Lu st al. 1906). Cains in BMD rnmlmitlnto the third 
decade afier boi.r growth has ceased (Recker cc al. 
1692). After menopause, bene loss rslM aceclerfltc com¬ 
pared With premenopausal rates, and these rales are 
sustained or Increase even more wllh aging (Ensmd 
et al. 19951. Age-related hisses also occur in men (Janes 
ct al. 1994). In the eimtest of the*; age-related patcems. 
ihe rale nf smoking in the attainment yf peak hon^ 
mass is reviewed at ting with studies of bone density 
and mcnnpatisal Status. A Htw&ture Match was cun 
ducted using the National Library of Medicine’s 
PutiMHl sysitm'. die key Words used were “bone min¬ 
eral dcnsliy.’ “bone density.* Tntriure.’ “smoking." 
and "rljamuis ’ In addition, all references from a key 
mida-analysi5 (Law and Hackshaw 1957) were also 
retrieved. Studies focusing on unrti mainly luvnlve 
oltler age groups, The evidence on smoking and BMD 
comes primarily from criiss-Amtliunal and cohort stud¬ 
ies The cctiSs-Malmal studies kixcBa (he. cumulative 
consequences or smoking on BMD growth and/or 
decline. Cohort studies can assess changes In BklD 
over time. Findings nf the different types of Studies 
are presented itiTables 6.15-6 17. 


Table 8.15 Cross sectional studies on the association between smoking status and bone density in women* 


Study 

Mean (range) 
age (yeara) 

Smoking status 
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7Be Health Cnnseq umcas of S™*iqg 

Findings 



No differences In BMD ; between smukeis (Oil g/cm 1 {SD* -0.07[) end nonsmoke.s 10.71 ID 06]) 
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Study 

Mean (range) 
age {years, i 

Smuklng statu s 

Site of bone density 
moisuntntc.il 

Fostmunopausa] 

Law et al 1997 

45 (39-*9) 

24 current smokers 

56 never smokers 
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31 current smubMs 

83 never smokers 
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Surgeon General's Report 


Table 6.35 CaflUjw d 

Study 


Mean (range) 

age (years) Smoking status 
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Tabic 6 1* Studies nn the assoflattori between smoking statu* and bone drroiity in men and wrinurn 
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Tmblu K.16 Continued 


Study 

Population/aRf (year?) 

Smoking slams 

Measuremenl’iite 

Women 
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2006 
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TTw Health <>ns«m»r*«s of &rwfcm? 

Findings 
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Tabic 6.17 Ciihon studies m the as social Ion between smoking status and the risk pf bone Joss In men and 


Study 

PopulatUm/age (veils) 

Smirking utaLus 
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hi flowed far years 

Data were not reported 

&MD‘ uiaieinlUradbss 
distal radius, ami the 
lumbar spine 

K-klljrj; 

l U.^tii" 1 ;j-J 

] J r.i-iiOM-t'wl 

*i-i.-i i.j. -., t<i .llyerf. 

. . f . rni.'k* :1 ri irliVg a'l 
|:jri || ilalrl. 1 

Ii.VI.IiiMsm.! h i ' 

aL 1992 

World War fl or the 

Korean War born between 
1916 and 1927. all (win 
inln; Ifi-yettr {oUmv-up 

•Jv.' •_ 1 yi It >iii . 

-uli.be raulus 

Sr' 1 ' 1 


- h;i ,, p " ’ 


Judea ti til, 

1994 

6 -' w.i -i, >A\ 

r r.' - . mge rollow-up 
•s.is: veara 

Vri' n il haa a meoian 
orSpsck-ycars nf 
smoking; rfieu had ■> 
median of 21 pack years 

of crooking 

bM:;:.' he hip and 

l:<»7 


■: i'w.c oik -.is 

'Ij 1 -.in-.n ■,rf.:. , K~i•. 

Ur.'O 

ibl(j-i i i i. 

1998 

■ - uuidinitn .mean 
api. 66.7 years}. 2.452 
Dutchwomen (mean age 

67.2 yews): average 
fdliva-np was 2 years 

Current smokers 

Men (23%) 

Women (19%} 

bMDui ilii- Ii p 


'HMD - Bone mtntml density. 

'Peck .years - The number of years of smoking multiplied by ttie number pf p^ks uf f Igarf Ita sinukcd per day. 
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Findings 

Of the women who became postmenopausal during the study. 6 w«nc current smoker, and iteir mean 
annuel change In Spine HMD Was slightly grr-alei (-3.3%) than tVcn ortho 39 nonsnxikers [-2.3%); p - O.IC 



•—4-p-U - . . »tl in .Ltd ItvVi'r -I" ' -.■' , l icntire Cut lelli. Sluuheia luy j» i i intone • id men. 

current smokers had grater bonr l.^s . i \; than never smokers 


•'Surgeon t>jMr«r* Krpsrt 

Prat Pone Mass 

BttcavKc BMD Increases rapidly during sctolov 
cence. initiating smoking around the time of pubeity 
might reduce peak BMD However, the effects ufsmok- 
ItWt on the attained level of peak turner mass ere uiktt- 
taln brtmiw (Item arc limited data on the skeletal ef¬ 
fects of smoking during (iIiiIpjkiki. Port hem‘ore i li 
Impossible that relatively short exposures in this age 
group would have Hide effea on hone density mea¬ 
surements. One prospective cohort study of liilldrcn 
and adrlK«iils (aged 9 to IBycafi) in FlrtJknd repeat¬ 
edly ascertained lifestyle factors und followed partici¬ 
pants for 11 years, m which dim they underwent bun* 
deusitji testing (VRllmtlkl et al 19941. In men. hut nos 
In unman, smokers lad lower BMD measurements of 
the hip and spine than did reona makers a Tier adjust¬ 
ing for covariates. A cross- sectional sindy of 1 S-yesr- 
old Swedish adolescents did not find an aswclaiiim 
between smoking and total body bone mineral con- 
fenl (Lot bom el al. 1999). Finding* wen. similar In a 
cross-sectlnnal study of SOO children aged 4 to 20 yeacs 
in the Netherlands, but only 32 wen- smokers (Boot el 
al. 1997J- 

Data are available from .studies of pnsnenopausal 

women, starting from ihe ages at which peak BMD li 
reached A tneia-analysis of cigarette smoking. BMD, 
and the risk fer hip fractures (Law and Hactehaw 1997) 
Identified 10 cross-sectional studies «f [trnnenopirusal 
women (Johliell and Nilsson 1AB4: McCulloch el al. 
ISM; Mazess and Barden 1991; Daniel ci al. l992;Fehlly 
eval. 1992:Sowersnal 1992, H upper end Svemra) 1991; 
Ortego Centeno e| gl. 1994; VftllmJkl « al 1994; Law 
etal. 1997). Additional study populations included 
menopausal and postmenopausal women (Table G.15) 
Ah shown in Fable 6.1 $. the mean ages of women in 
the study samples ranged from 22 to 76 years. Because 
absolute bone density units varied among studies ac 
trading in the bune site assessed, and the measurement 
technique used, rhe difference between the average 
BMO of current smokers and nonsmokct s In each 
of ihr studies w n recorded as a proportion of mu; 
between person standard deviation. In combining the 
siudle&. each bone density difference was weighted by 
■he inverse of its vari atue and was agp-adjnsted only. 

Bone densities were reported for current smok¬ 
ers compared with never smokers In most studies, hut 
wire reported for current compared with former and 
lifetime ilevel smnkrrs combined in a few studies 
There ails nnevlrler.ee nf ■ sign!fleam difference In 
BMP between smokers and uunsinukm in the pre 
menaj.auuil women (Figure 8.2). Two additional stud 
les of]>retni>no]»iisal and postmenopausal uiainen 


performed since the 1997 meta-analysis also .show nu 
significant differences in BMD between smokers and 
nonsmokers (Table 6.16) (Tbkaduei al. 1997: Gregg l-l 
al. 1999): however, a study of premenopausal women 
(torn Australia did fend u significantly !o«vrBMD in 
female current Minnkeia iliac was not finii'id in (he sub¬ 
group of temple smokers who participated in sports 
(Innes and Scott 1999). Cross-sectlonal data from tire: 
Danish Osteoporosis Prevention Study showed lower 
BMD in current Smoker's mn^und with lifetime nrin- 
smokers In pcrlmcnopaus.il women (Hcrrruuin et q|, 
2000). It Is B.p'jtrttprldie to consider these results uiv- 
adjusled for other covatlslfs itj that adjusilng for one 
or the mosc Important ruk factors for bone density 
weight—actually may mask an association. Smaklng- 

induCL-d weight loss may represent un liili'r-VL-ning 
variable in the causal chain betwvrfi smutting and bune 
dm>ily mliidlnn. 

One study from Spain assessed smoking and 
£MD Jn healthy young males (Qrccgo-Ccnicnoci al. 
1997). In this Study male volunteers aged Zfl through 
45 years were measured Tor BMD In the lumbar spine 
and proximal femur, blood biochemical markers were 
also assessed. BMD was significantly lower fen smok¬ 
ers of 20 or more LigarelieS per day enmpared with 
nonsmokers. In multiple regression analyses consid¬ 
ering all smoker., smoking wasiwl significantly asso- 
r laird with measures of BMD Interpretations nf these 
findings are limited by the cross-sec tltma) data and the 
small sample size. 

Smoking Cessarton and Bone Mineral Density loirs 

Two prospective cohurt studies assessed snx*- 
ing cessation mid BMD In men and women 
(Hollmhjirh et al. 1993; Kiel el al 1996). In a study In 
Rancho Bernardo. California. HoIlenLach and col¬ 
leagues (1993) found that smoking cessation later In 
lift was beneficial fur me™ nt«i viuwi in bstHJr^ BMD 
loss at hip sites (iniertmchanier. total hip, fetrjCral neck, 
and tmchaiiier) where BMD Is reduced In smokers. In 
mat, smoking cessation was followed by a reduction 
In Ihe rate or loss of the spinal BMD. hcv! women ex¬ 
perienced a significant decrease-in Dic<air uTBMD loss 

at the midiudlus afier ipiluing in the Framingham 
study, current or farmer smoking (past id years) was 
not associated with a lower BMD Joss al any skeletal 
silt? turning women who had not taken estrogen but It 
wtft in women who hud (K|e! et al, 1995). Former malt; 
smoke s who had quit for less titan ]0 years had a 
lower RMD than mm who had quit for IQ or more 
years, indupeinfant trf weight, alcohol consumption, 
nr caffeine us« 
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Figure 6.2 DlfTcrcnoa (55% confidence tntcrvals). as a pm port loo of j standard deviation (SO). In bone 
mineral density between female smokers and tununuken tuordlng to age and mcrntpauml 
tflllUX 



Age (years) 


I cgrcsst--.iv- an? shiwm. TKr 1 I open rtrriM rf ftr to tv.o Studle-s IRvirKtrJa) mvi MtRstjGm l«H; Law el at. 
"•' l ' 1 ' * oNtlclf Vs - h r to the nhhershjriUj )n the order (bird ill TsbteC.lS (Telily cl id 1S42 through JohncU and 
:u...e l v'. forpr-rmtiMspausalwwnec. indl-assi«al. 1957throughHnUenbarhatal. 195Jfrji prcslmmcrpaosalu.cmerij. 
•>**')*•• I ■•'•vard HatkshAW iS97.fi 845. Reprinted with permission 


Evidence Synthesis 

Smoking. even al e young age, might increase 
il\k fur cwwptirosls later in life If It reduces ihe peak 
bone mass artained. thereby compromising the peak 
from which decline begins. Only a few studies ad¬ 
dress smoking during aihilcscetire, und l he findings 
In women during the pce«\e impair sal years are con¬ 
flicting. arc not based on large studies and dq not 
provide strung evidence for an effect or smoking on 

BMD before menopause. For males, data air scani for 

IhLs ngp range .Although an effect uf southing on BMD 
Is plausible, the available evidciKelYcmi nbxeivatfconai 
Studies 1.S United and Incnmlsli-nl. 


Conclusion 

1. The evidence is Inadequate to infer lire presence 
or absrnce i»fa causal relationship between smok¬ 
ing and reduced bone density before menopause 
In women and In younger men. 

ImpUtailoiu 

Hie failure tu demonstrate a causal relationship 
Itelween smoking end bone density in young women 
tliim im detiarl from the tasls for concern about smok¬ 
ing gnd ostccporofls in women. For women, smok¬ 
ing pRCtems CSCJblishcfI In vourigrr years are likely ro 
persist pest menopause. Bud ihere K iuhstantld evi¬ 
dence Jinking smoking to law bane density during 
menopause (k« bekiw). Future rt**«cli shoiAld quan¬ 
tify the n unbilled and cumulative pfferrj of premeno¬ 
pausal and pculriii-riupaurwil .smoking onbune density. 
Mure research is needed In young men regarding the 
relationship between smoking and bone density 
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Bone Density In Middle 

and Later Years of Life 

Epidemiologic Evidence 

In contrast to the findings for younger persons, 
findings of bam? Hensley studies performed In pujiU- 
lalkms well beyond the years of peak bone mass dem¬ 
onstrate substantial differences between smokers and 
rvmprvcKew. As Illustrated in Figure 8.2, baaed on the 
meta-analysis by Law and Hacks haw (1997). bone den¬ 
sity was lower in smcLers than in noromokers for post- 
munopuusal wumcn, and the difference Increased 
linearly wlth age. Forevery 10-year Increase In age. 
(Im* fKnve density t»f t-Stwjhei'' Wl below lllul pf non- 

smokers by approximately 2 percent »ftl» average 

bone density tu the time of menopause. regardless ol 

(he skeletal site dial was measured. 

Since the publication uf this mefa analysis, there 
have been addlltanul studies nT smoking and bone 
density In poxtmmopausaJ women and In men. Of four 
studies that did not demanslvate an association be¬ 
tween smoking and bone density (Cheng cl al. 199ft 
Varmna l'I a). I999; Huuskoiien et al. 2000. Kim cl 2). 
2000], two had used ipianHtatlve ultrasound to mea¬ 
sure bone status. Seven other stud res did demonstrate 
stuttscluillv significant associations between smoking 
and BMD (Table 6 I A) (Br 0 i el al. l«17r Tsksdu el al. 
1391: Vog**i et »l 1997: Gialngc ei al. 189ft-. Smerix- 
Coevaers et al 1999: Hagiwara and Tsumura 19&9: 
Hermann et al. 2000) 

Data from cohort studies of older men and 
wamen alsu implicate smoking as a significant risk 
factut for bone loss (Table 6.17). Of the six studies lltat 
reporied smoking data (three Involving women and 
men. two Involving women only, and one Involving 
men only) (Sowers et al. 1902; Junes «l a I. 1394; Vngcl 
et al. 1997; Burger el al. 1999; Guihrli? et at. 1393, 
Hannan et al, 200(1). three doc.umerUs'd significantly 
more bnpe loss In female sfyokef^ rhpn |n fentple apd 
male nonsmokera (Sowers et al. 1932: Burger et al 1996: 
Guthrie et al 1998). and three reported hJj^ior rates of 
Joss among male smokers than among male nortsmok- 
(Vogel .?( al- 1997; Burger Ft al- 199ft Hknn*-. Ht*L 
2000). [nlerprelattoriK of several of the ilndita at e con- 
v.Talned by TtlMlrvely small sample si7.es and limited 
durations of follow-up 


Evidence Synthesis 

prif/islvt? and ciiuslafent data urc available on 
BMD and smoking fur perimenopausui and pusuneno- 
pausal women and Tor older men. Dala from ciiliori 
Studies, which rack Changes in BMD over rime, as well 
as from trow s^eUMtal studies ptovWe generally con¬ 
sistent evidence of increased rates of loss in posimeno- 
l>au\al women wlui smoke compared with nont mo It¬ 
ers. Smnking cessation appears Id benefit BMD since 
limited data Indicate higher rates of BMD lo*» for 
(wavier iitwhco. Data arc mote limited tor mciv The 
2001 Surgeon Oeneral’s rrport OJSDFIfIS ZWI1) fixmd 
the evidence to tc corabit m for womcri and conduced 
that ' Post menopausal women who currently smoke 
have lower bone density than do women Who da nol 
smoke" (p. 321 J - There are a uumtwror mei hajii;.ms 
that may underlie dris ft ruling. 

Conclusions 

1. In postmenopausal women, die evidence Is suffi¬ 
cient to infer a causal rrlaHurvshlp between •mak¬ 
ing and low bone density. 

2. In older men. the evidence is suggestive but nor 
sufficient to Infer a causal relationship between 
smoking and low bone density. 

Implication* 

Smoking ties an adverse, effect an bone density 
in middle and later years of life: forevery lOyear in¬ 
crease in age. the bone density of female smokers falls 
below that uf nonsmukers by about h 0 14 standard 
devlalhin. «r 2 jrrrcrnt of the avenge t»ime chattily iit 
the time of menopause in women. Because a 1.0 sjan- 
dard tlcvJailan decrease In bone density doubles the 
risk of fracture:, and because fracture incidence »n- 
crPHse:; with ngi! (MrtJton and Rigp 1957; Mfitnri tti ni 

1997). lire proportion of all fractures allribulablc IO 
smoking would be expected ro Increase for smoker, 
who continue smoking into older ages. Attempts to 
decrease smoking a&euTy in life as possible are likely 
to reduce fractures diul would lie caused by Smoking 
in ul<] OgK. 
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BarHuv- bnne loss Is relatively small ovt> r short 
|><*rliids nf rime, .studies with longer durations nf 
fn!|nw.u(> and minimal avoidable losses of participant* 
at follow-up could add Importniit luftimiatiori to the 
understanding of huw smoking conlributcs to bone, 
lu.ss Addltlnnal tnlnrirvaiton |s likely lt> CortM from 
Studies of likivher.nt al markers of bone turnover, 
u-hich might further the understanding asm meiha- 

IIlama wtmrptiy smnklng ar ccli.TaiC.-s bOllC lusi. 


Frac tures 

Epidemiologic Evidence 

Hip frit lor rs, lire mn&l (m{u«nl1y sn idled frac¬ 
tures in rcUrjur ru smoking, account for a Significant 
proportion uf lire mnrldc)try and mortality attributed 


to o?»tccf>cir<i*is. TJm? meta-anaiy^is by Law and col¬ 
leagues (19&7J reviewed 19Cohort and case-control 
Studies nf the risk nf hip fractures in poj[menopausal 
women according to whether they had COfPr The 
studies dtRcted with regard tu the agcaaf th* parrlet- 
panta. duration t?f Tnllow-up. and whether former 
Smokers were Included In ttm smtiklng of nontmok- 
ii^ groups Table 6 tg shows the rhameteristks of cath 
of the 19 studies, demonstrating the ra nge o f ages at 
the time of the fracture. For the cohort studies, the 
duration nf follow-up ranged from three years {Ftrs£n 
elal. 1934) to 26 years (Kiel ttal. 1«2). Figure 6„ftsi«wi 
the risk of hip fractures In smoker* relative? (u non- 
smokers according la age; the risks for smokers in¬ 
creased with increasing age Majnr conclusions of ihe 
mela-ajuilyaj* Indurle (I) smoking has no mairtrlal ef¬ 
fect on bone density lit pretheaopausal women-. (2) 
posonenopausai bone loss is greater in smokers—nn 


Figure 6.3 Relative risk (95% confidence intervals) of hip fracture In xmakcrx compared with norcmokcrs 
io pm*icneonpausa) women According co age 



Note; Each cohorl study |S mild circles) #nd nsc-contml study (I l open rircles! Is In the same «d« as InTaUe 6.14. Fitted 
trgrminn (rtettM) rine Is shown. 

Sourre: r^wand Hurluhaw |9£»7. P 541. Reprinted with perrnLtskm. 
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additional 9.2 percent of bone mass each year: (9) In 
<:om|iariscinsof women who nre current smokers with 
women who are nonsmokers. the risk of hip fracture 
Is estimated to be 17 percent greater at 60 yetis of age. 
41 percent gi carer al 70 years. 71 pcn.eni greaves ai BO 
yean, and 108 percent greater at 90yean: arid (4) the 
CSlI mail'd Lumulalive risk nf hip froCLurp to S5 years 
of age in women is 19 percent in Smnkr ns and 12 per¬ 
cent in nonsmokers; to 90 years it Is 37 percent and 22 
percent, res per lively The dela for men were much 
more limited but suggested similar consequences. 

Since the? p iibUanlon of the metu-anaiysishy law 
and colleagues (1997], same (ForUnreal. 1893; Burger 
ct al. 1999 ; Kirills et al. 1999 ; M«|fnre cia|. ’-i -r.. 
etal. 2001) but mg al) subsequent «tutlles uf hip frac¬ 
ture (Fujiwara eial 1997: Clark rial. 1988: MussoJlno 
*t al, 1B9A) have continued to shovr on association be¬ 
tween smoking and an Increased risk of hip fracture 
(Table 6.1®. These studies have used various designs 
arid have betin curried out tp diverge pupiiIatlpiM, 
Data on the *«ociarlon between smoking and 
fractures at other Mies are more IfrtlUed CT&ble 8.Z0). 
Studies fmm the 19ti0s and early 1990s that cxarr-jitied 
fractures other iheh those of the hip rarely found an 
associatiun with smoking, although more recent chill¬ 
ies have demonstrated posltlvt? assnclallatiK belween 
smoking and vertebral fractures (Scanret al. 199&. Lau 
rial. 20«0). ankle framrres(t(onkanenel al. 1998) and 
the general categories of nonhip fractures (Jatqmin- 
Gadrie et al. 1998) and of all fractures (Huopln cl 
■) 2000). 

Smoking CrstaHon and Hip Fractures 

The assetlauon between smoking cussatioii and 
the risk of hip fractures was examined in several siud- 
f*S. including three prOSpL-Ctlve Cuban .studies with 
follow-up periods of 5 to 12 years (Forsrii et al. 19Sfi; 
Corituzctal. 1999; Hddruji ct h). 2000) and twncase- 
conuol studies (La Vccchia et a). 1391; Ciunmlng and 
Kllnebcrg 1904). In men. -siiccesshil smoking cessation 
oral least five years ilecr*«t-cl th* risk ofhlp fracture 
Lnm|iareil with continuing smokers (iloidrup cl Al. 
2030). a It huii gfi n liter Inveulgailora Ibtind that i hie risk 
remained elevated for men and women smokers com¬ 
pared With IlfelltVie nOnspmkCrs (Gumming and 
KHncberg 1994; TcirsCn et al. 1998). Two studies also 
found no decrease In the risk for hip fractures In 


women after five years of smoking cessation (La 
Vecchl* « al 1991: Cornuz el al. 1999). and another 
found dial no bene fit from quitting for wnrrinn. includ¬ 
ing premenopausal women, was observed until ID 
year?; after rwssalton (ntljr»sl«i RR = 0.7 195 percent 
confidence Irili'i Val (CJ). 0.5-0 3| currqlBrrtl with lui* 

rent s irmker.s) [Cnmuy«ln) 1 fl 9 ft). 

Evidence Synthesis 

The evidence On smoking and fracture has been 
iridrvVrd extensively in previous reports i>f lire Sur¬ 
geon General. The 199D report considered evidence 
from eight caxc-crintiul studies, noting that must 
showed nn Hssocletlon with risk for fracture of the hip 
or vertebra Five cohort studies, however, d Id not show 
a dear increase In risk and the report found chc evi¬ 
dent*? to lie innxtdi&lvR. Far mure extensive lists ware 
available for Ihe 20DI report, including vilwlanllally 
more studies of hip fracture In women. The case- 
conn d) studies reviewed all indicatc?d excess risk for 
flip fracture in smokers, with the RR ranging from l.l 
ii)2.0. Six reports of cohort .[lmIics published subse¬ 
quent to the 1090 report were also riled, a(l showing 
an increased risk for htp fracture in current smoker?. 
The Zftftl report (USDHHS 2WJ1) concluded that 
'women who currently smoke have ail Increased risk 
Jot hip Iraciure compared wlih Women who do not 
smoke" (p. 321}. 

This report extends the review of the 2001 report 
With additional studies and covers the evidence mi 
men as wclL The evidence consistently indicates an 
hxrvascd risk fat women and men who smuhe. Find¬ 
ings of same sludlrs slurw a dnwresponse relal inn- 
ship between risk fur hip frw lur*! and the amounl 
smoked. The RR Ipildx tu rise with age as would bn 
expected, and the effect of smoking reflects sustained, 
addleluiin! hone, loss beyond that associated with 
aging. The documented effects of Smoking on BMD 
Is consistent with the observational evidence on Trip 
fracture 

For fracture sites miter than the flip, the evidence 
has beer less consistent. Tire 2001 Surgeon General s 
repurr fnunri t?ie evidence ta be unclear This report 
evaluated a number nf studies lor other sites, also find¬ 
ing the evidence to be mined and limited in scope fur 
any particular site. 
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Conclusions 

J The evidence is sufficient to Infer a causal relation- 

Ship between smoking anrl hip (rarlurrs. 

2. The evidence is Inadequate to infer the presence 
«r absence or a causal relationship between smok¬ 
ing and fractures at sites other than iho hip. 


Implications 

The fcR of hip fractures In smokers Increases with 
age. and hip fracture Incidence Increases with age. 
implying that the proportion of hip fractures Attribut¬ 
able to smoking incrcasei wtili age. Smutting is one of 
the major causes of fracture In older pcnoic I hat ran 
t>C prevented. Public health in I er vent Jons aimed at 
helping .siiiokFji quit arc likely to subsiancialty reduce 
(he number of hip fractures. Although hip fractures 
carry Ihe greatest costs and risks of mortality and 
morbidity, in her fiar-lurra also ccnirlbuie to these out - 
Crunes. Furlher research fs necessary to quantify die 
risks of these nl her fractures In smokers 
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Table 118 Studies <mthe between winking and thu risk uf hip fractures In men arid women 


used In die 1997 meta-analysis by l-aw amt Ha.kshaw’ 



Ago at fcntTV 
(j-ear>| 

Mean age 


Number of jxinnm 

(% smoken) 

Study 

(rears) 

With fracture Without fracture 

Cohort stud tea 

Heincnwnyct uL 1968 

34 59 

53 

662 

66,556 {28} 
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Finding* 


Compared WIIhnortsmokers. RR'-0 9f ' ■ • ■ 1I‘ .0.84-1.11) for former smriw-s.O.'lS (9S% Cl. 0.71-1.2(1) 
fur current smokers of 1-14 i- 'relies.r _•. -J I ' ' Wt Cl. 0.79-1.20) forrurr mnkertor IS-24 
^ • -•'-d b“f't .'1 ■»■>« I ... f.MTent smoker serf £25 cigEm “ 


poi •■■■: *-*-ii• i n-v. r •,:ik.ki r. h -.ig., .-.d|u’-:cil f:f( • C.f. jfK'-.v'l, i s' ' - 
: *M ■ ' • *' I I -i -Iiv :-r. Hire.-/ 'mil'll-. *f I Nf.i.,i.-M.-.lli;. .| I I ' 4>' , j i.| na;-. 
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Table 6.1i Continued 


Stody 
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wound healing and compromises ihc prognosis fal¬ 
lowing surgical arid nonsurglcal iiei-todou'al therapy 
(Prober and Dergstrem 1890; Ah etal. 1904: Newman 
et al. 19W; Rosenberg and Culler 1994; Preber el al. 
1995; Tonctti rial. 1B95; CneAlrial. 1996.1097; Kakialil 
ct a|, 1996; Kinane and Radvar 1997; Trombrllt and 
Scabbla 1997; Bosirbrn irl al. iSDBb; Machiel et aL 1998; 
R cover! etal, 1998; Palmer ett al. 1998, FfapanlDni?* 
piMilos I 999; StVder el a|. 1099). One study that em¬ 
ployed statistical modeling of longitudinal changes In 

the CAL concluded that ilimtntslmd rapacity fnr re¬ 
pair. rather than direct tissue damage, probably was 
Hie mqjnr mechanism Involved In similitiD aundaieil 
periodontal destruction (Faddy ct al. Z000). 

Epidemic logic Evidence 

FpIdwnlulogtr studies of smoking and periodon- 
tiiis have employed a variety of case defin Ilium fen 
disease, using various combinations nf PPD. CAL or 
I PA, »ml Alveolar bone less, Some studies used indi¬ 
ces lor 'prnodontal disease' that am no longer con¬ 
sidered valid Indicators for the prevalence of tlisesse 
in populations (Bun: and F.klucul 1999). Other studies 
employed Indices that ailglriHlly were intended for use 
In populatiun-bBvcU treatment planning and nnl for 
eUo logic studies, nuchas the Community Periodontal 
Index of TTcjUmem Needs (Ainantuel al. 1982)..Some 
studies did nut use a case definition for disease, but 
Instead Assessed mean levels iff one nr more clinical 
parameters aiming expose*! and iinexposeri groups, or 
described the prupoiiiun nf ihestudy population that 
exceeded Various measurement thresholds le g.. >4 
mm LPA). Sprue sUldlrv, primarily conducted before 
the 1970s, provided no case definition other than dl- 
iignrejls by the examiner. Despite the numerous prob¬ 
lems measuring tiw disease. published cpldcmlu'iugic 
and clinical studies consistently show a moderate to 

strong degree nf association bit ween smoking and 

periodontitis. 

To identify epldcmlolcylc studies of smoking anti 
periodontitis, the National Library of Medicine’s 
FubMcd dalabaw wax searched for English language 
|iu hi lea lions from 1665-2000. using the following 
Medical Subject Headings (MeSH) key wOich: smok¬ 
ing'" “ ID bacco," 'peilodoniaI diseases." and "peri¬ 
odontitis.* These terms also were searched as title 
wards: The smoking and health data base maintained 
by [hr Office on Smoking and Health. National 
Center for Chronic Disease Prevention and Health 


Dv H^frtr Consrq umres of Smoking 

Promotion CDC. was a Iso.searched using Ihnxe terms 
as key words. Reference litis from published studies, 
review Article*, and textbooks were examined to iden¬ 
tify additional studies 

Tables 6.21 through 6.23 sirnmarfrc ihc findings 
from 6 case-concm] studies. 52 cross- seciIona] studies, 
and 12 cohort Studies conducted between 1959 and 
SOW. The rasc-rontrol studies cmisi&iemly found thai 
persons with period unlit I* were more likely than 
iunmils wlihout periodonlllls to be smokers, although 
not a Vi studies separated current smokers from former 
smokers In their analyses. These studies generally 
controlled for potential confoundec* In either the 
selection of a control group or In their analyses. Cross- 
sectional studies that attempted «s estimate parav.v-u.es 
such as the odds ratio (OR) consistently rrported 
niudcraiL- to strung degrees of association between 
smoking and jierimlnntllls voder a wide range of case 
definlilont (Reck et al. 1990; Hominget al |»2; lUWf 
el al. 1099; Scoltenberg et al- 1993; Cross! « al. 1994, 
1995 SHkki etal. 1095:Tomar etal. 1995; Ahlberg oral. 
1966: Dolan ct al. 1997a; Nordcryd and I lugcson 1998: 
Shlzukiilshl er al. 199B; Wukal ct al. 1999: Tamar and 
Asrua 2900). Consistent with the findings from case- 
control and crass-sectional Studies, cohort studies 
reported RR estimates for smoking and onset or pro¬ 
gression of periodontitisur 1.4 to mure than 19. using 
i wide range uf outcome measures. Of ihe cross - 
Scctlonal studies diet examined ihr relationship 
separately for current %mnki-n and former smoker*, 
current smokers Were more likely lhan farmer smok¬ 
ers to have periodontitis (Haber et al. 1994; Dolan M 
al. 1 ma; Wakai et al. 1989, Tor™r and Asms 2008). 
Two case-control studies (Haber and Kent 1992; 
Gel they m bI 1998) and several cross $ecile«al stud¬ 
ies (Gro&sl cl al. 1994. 1095: Nordetyd and Hugnson 
1998: Wekai ct al 1999; Tomer and Asma 2000) reported 
a significant dase-res pause relationship lint ween the 
number of cigarettes smoked jht day and disease 
status Two or these studies used cigarette-years 1 or 
pack-years as the measure for exposure (Grossl et al. 
19M. 1995), which combined quantity and duration 
«F smoking to characterize the exposure. One study 
re par lei I a significant dose-response relationship 
between the duration of .smoking mid disease risk 
(Tomar end Asma 2090). Thai sliidy also found a 
significant I rive rse relationship between the number 
of years since quitting smoking and the odds of hav¬ 
ing pcriQiliKUttik. 


’CljirttW-yvatj -The mirnhor of years nf smoking multlpllrd by ibe number of ri^arettex xmokerl per day. 
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Surgeon CeiMnil'e Prjxvi 

Nearly all other reviewed studies repented either 
mean measures of PPD or CAL/LPA nr radiograph I- 
tally demonstrated alveolar bone las* liy.vnakliig sta¬ 
tus. or they reported (he percentage oT persons with 
some specified number pr percentage al sites exceed 
ing same threshold on one or more of these clinical 
p&ranu-lcrs. With only one exception (Frebet et al. 
iSaO), all crasa-secilona] mid cohort studies that mea¬ 
sured differences in mean CAL/LPA ur mean PPD 
found St wdrv? periodontal status among srrwker* than 
among nonsmokers. That 1980 study (Prcbct et al. 
ISB0}. huwL-ver. was conducted with young military 
recruits whose duration of smoking must have been 
relatively shun bemuse Of tlleir age 

Evidence Synthesis 

The available epidemiologic literal lire is highly 

consistent In snowing a moderate in strong associa¬ 
tion between cigarette smoking and periodontal de¬ 
struction. The associiiUuii Is robust across a wide range 
af cased[iflnltIons, papulations, and study designs. 
There Is also evidence of u dwe-respunie itiatkeishlp 
between smoking liitnwtty Bod risk for periodontitis. 
Both numbpr of cigar cites smoked and duration or 
sniuking are post Lively associated with dlrme risk. 
The risk <if periodontitis appears to decrease after 
smoker! swp smoking, with a decreasing risk ih« 
duration of successful rewallnn lncrrajHM. Although 
only a lew prospective cohort studies have teen car¬ 
ried out. they cu mister I ly found :IihI smokers were 
more likely lhan nonXmokers rn experience the onset 
or progTHslun of disease. The assodHiion cantioi ba 
>-xplained by confounding 

The mechanisms Involved In smoking-associated 
periodontal destruction are still noi fully understood 
However, Available rslrkncu supports scvtnrl liypoth- 
eses. An Immune mechanism n plausible In-cause 
jmokJng affects many elements ot the human immune 
system. The effects of smoking on local Bnd systemic 
Immune factors may make the smoker more suscep¬ 
tible to bacterial infection In addition, substantial evi¬ 
dence indicates that smoking impairs the regeneration 
and repair of perloriuntal tissues The evidence is 
Inconsistent In suggesting that smoking quantitatively 
or qualitatively alter5 (he mlcroflorzaf subgingival 
plaque. 

Corel uxion 

1. The evidence Is suffldeiU. to Infer a causal relation¬ 
ship between smoking and perlnrlnndtls. 


Implications 

5moVmg Inir-rvpniion shoulil toe a major compo- 
nr-til nf preveiiticm xntl treatmenl of period QiUltlS. A 
recent study (Tomar and Axtnn 2900) concluded [fiat 
more than JO percent of tlrr uisn nf adult pci iodonti- 
tw in thfl United States are aurihutahle to clgucutre. 
smoking. In llfju of this conclusion, and because iiKira 
than onr- liulf of U.S. adult smokers visit a dentist nach 
year (Tumor etal. 1696). the dental care community 
has bath the opportunity nnrl ihe pruTcssIceiB] oblJgii- 
Hap to counsel pailr^rj whirsnuike to quit. Die dental 
office may also provide ari opportune selling for to¬ 
bacco use prevention cffnils among yuiing people 
0 lovell etal. 1668). Unfortunately, a lack of awareness 
and Inadequate skill* msy be barriers to further In- 
valvcmnni by dentists and denial Hygienists (5»i:kw- 
Walkcr etal. 1804; Dolan «t al. 1907b). 

Further research Is nvc-dud to achieve a greater 
understanding nf Ihe mechanisms Involved in 
amnklng-aawulaird j>rrlodontitia, In Addition, more 
behavioral research Is needed to enhance ihe willing¬ 
ness and ability of dentlsls and denial hygienist* io 
intervene In thitr pKietvls' use of Wtwra and tu «iun- 
ael younger padems agalnsi tobacco use. Ethical I huhI 
research should Identify eflet-tive mpthods For train¬ 
ing students ot dentistry and dental hygiene, as well 
us llri-nsed clinicians, to became competent at coun- 
selliq* their patients to stop using ccbaccoand assise 
tng pailems who want tuquii (Tnnuirci ul 1996: Batkn 
and WiJliHTCis 1999; Cabana etal. 1999). 


Dental Caries 

Dental carles is an Infectious, communicable, 
multlfactortal disease in which bacterlBlJy produced 
adds dissolve the hard enamel surface nf a louili 
(Featherstone 1699). Undiecked.lhe bacierla may then 
penetrate die underlying dentin and progress Into ihe 
suil pulp i P;sue. whit^i is rich In blood and nerve tis¬ 
sue. Denixl caries Lnrumonly results In loss uT tooth 
structure and discomfort Unir?a|ptl dental carles 
commonly progresses in Incapacitating pain and h bac¬ 
terial Infection that leads to puipal necrosis, tooth ex¬ 
traction, and loss of dental function, andean progress 
to an acute sysiemlc Infection. The major dialogic Far. 
'ore (or Uilsdisease are HK«ight toUuspecific Imcierig 
in denial plaque (particularlyStreptococcus IS.J P’uta.ns 
and li Jaticbacllll) on suMrepiiblc lotnh surigora and 
the availability of fermentable- carbohydrates. 
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MtlSl cpldemlohiglc studies concfucled during 
i he p:nt 60 year! have used some- varlution of the 
decayed, missing (duu lo carles), or filled permanent 
lecth (DME‘1) Index (Klein c| al. l&JB) to measure ihe 
Frequency uf denial caries. UnUl the mld-19B0s [(hi pr<> 
purliiiiiiif ihit population with dental caries wasrun-ly 
used la estimate disease prevalence: In Indus!riallz*d 

popularlom bc-eaus« the tJIm-ASC whs nearly universal. 

The DMFT Index Is more a measure of disease sever¬ 
ity than of disease prevalence; ll I* simply the sum nf 
ihe number of permanent teeth (T) that are decayed 
(D). missing due io denial cartes (M). or filled (F). This 
index. If applied to ihc number of cun iraJ (l.i'.,fnajnd- 
Mvetrd) tooth sutfuns (5), is Hesignawd the DMFS. 
The M componcni b often omitted in aduli studies be¬ 
cause of the inherent uncertainty as lu why a tooth is 
missing. Thus, snrixt siudles report DFTdfDFS scores. 
Other studies rejiort Ihe cnni|mnenfsof DMPT Indi¬ 
vidually. such « D5, FS. are! MS Nearly all studies 
aggj rgaie DMF daia by reporting dk; population mean. 
The number of root surfaces affected by caries Is al¬ 
most always scored find reported separaidy framcoro- 
o»l carles, and usually is designated as RDFS nr RDS 
(the M component is not reported far roiu-xurface 

Biologic Basis 

There are sevi-ritl hypothesized muchanlsms tbal 
may uiirirrjlc di* assaeiation between smoking anil 
dental caries. As discussed in ihe section on smoking 
ami prriiidorrcliis. evidence is Inconsistent in showing 
that smoking per sc alters either [be tjacli-rial profile 
in ihe glngjsi or ihc raU: uf fouiiiiliort of denial plaque 
(Alcxftnder 1970; Swenson 1878. Bcrperdm 1881. 1930. 
Feldrwm etal 1685; Margregorut al 1985: Bergstrom 
and Rllassian I9B7n.b: Lie el al. 1998). Differences In 
oral care bchuviur between smokers and nonsmokers 
provide an indirect exjdanation Peihaps the mosi con¬ 
sistent expUnattoo Is rhat xmukera tend w practice less 
frequent nr less effective nral hygiene and plaque re¬ 
moval (Preber and KanL 1973; Macgn-gui and Ku^- 
Gunn i 9B6: Andrews m al. 199ft). 

Several studies concluded lhat smoking migjii 
lower <!■« pll or reduce < be liurfenng capacity of sa 
liva illcinLze 1884: Parviiii'n 1984), impairing die Tunc 
lion of saliva as a protective factor against enamel ilc- 
mlncullJiillan (Edgar and Eligham 1966). In conirasi. 
o no rev I c w c ui k J uded l l>a t s moklng Inu-eases sul tv ary 
dim'rate (Macgregor IMS), raising pi I and Increasing 
StiUvary calcium ronct-mration ften Gate 1996). Tbe.se 
factors would tend tu favor enamel re mineralization. 


/fir Health Conscquenres c^SjusUiw 

but benefit would come only if the Row rale increase 
Were Sustained. Another rniuprehenslve review con¬ 
cluded thud smoking has a minor effect an saliva flow 
rale and lls chemical composlUijn. at lea« In terms of 
factors thought io affeci dental autogenesis [Christen 
hi a|. 1991). in sum, an effect of smoking on salivary 
function does not appear io be a key mechanism In 
causing dental carles. 

The association between smoking and root- 
surface cartes suggested by sl-v<th| studies may tc due. 
in ]«art. to the perim lonral effects of snokmg. The loss 
oT periodontal attachment and subsequent exposure 
or mot surfaces are necessary conditions for root- 
sur r»«: curies io iicnir (Burt el al. 1586; Stamm el al. 
1990). Persons who experience * lass ol periodontal 
uMachmpnt attributable to smoking may also hr ai 
gmalrr risk for Mihsequi-r* root-surface curios. 

Eptdnm Io logic Evidence 

To identify the epidemitilogic studies an smok¬ 
ing and denial Cartes, ttie National Library Of 
Medicine's hihMtd dmabasn was searched foe EngNi 
language publications from 1965-2000. The follnwlng 
MiSH key words were used: 'smoking.' “tobacco,* 
‘clt-ntalcarlpv' and "tooth dembx-ralijaiiun ' These 
terirw also were searched as title w<mK TYtv smoking 
find hwalth database maintained by CDC\ 0(fice on 
Smoking and Health was also vmrehed using the same 
terms at key words. Reference lists from published 
studies, review articles, and textbooks were sources 
far additional studies. 

Table n,Z4 Nummarises 12 cross-srtiionaisludlrs 
and 3 cohurl Nrudliw jiubllshed between 1952 and 1999. 
Most cruss-Mrtional studies used ionin varla llorj of Hie 

DMF Index io measure carles prevalence; all but two 
(Hart et &l. 1995: Tomar and Winn 1999) faund that 
smokers experienced more coronal dental curies than 
nnnsmukHrs. as rneasurcri by mean DS. QFS. DMFS. 
sw DMFT. In general, differences between smukera ftnd 
■Kinsmuki-rs In mean DMFT or DMFS were small, even 
In studies In which cf* d UTcrenets Were rcpurled to be 
'slntlstlcHlly Significant.' The largest dlfferrnres in 
numbers of rarinu.i lesions were reported in studio 
tliat used DMFS (Ludwlck and MaxsJer 1952; Alnamo 
1971: Zlcteriiart « al. 1990: AxcLisnn et «l 1998). None 
of those studies, however, appeared to limit the 'miss¬ 
ing* enmpanen! of DMFS to those remth surfaces losl 
due to carles. Conscqurnily. ihese studies may mix 
lurle* caused by smoking with the adnuxnl jjprlodon- 
lal destruction [hat tail cause tuulh loss In adults. 


OtfwEGkn 


7.17 
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Few of the studies on the association between 
smoking aqd dental cartes controlled for potential con¬ 
founding factors. Although the observed association 
between smoking and dental caries may reflect a causal 
relaiionsltlp. it Is also possible that U reflects factors 
common to both smoking and die risk ul dental cur¬ 
ies. Far example, in industrialized nHliniinhotb denial 
carles (USD! IHS 2900) and cigarette smoking (Glovlno 
etal. 1995) are more prevalent among groups with 
lower .snrioeixinnmlc statu* (SBS) *an among hlghet 
SBS groups. SES la a strong correlate of factors that 
affect dental carles status, such as diet, use of dental 
services, and oral hygiene practices (USDHHS 2000). 
Nnne of the studies adjusted far SES or oilier poten¬ 
tial confounding factors in examining the a&.u< fadan 
between smoking and dental cai l™. Several In eraturr 
reviews do suggest dial ihc- association between smok¬ 
ing and dental carles may reflcu the twnJency tui- 
smakcre to prarilce less effective denial hygiene and 
pluque removnl (Macgrcgor 1888; Christen ct iJ. 1881: 
K'assirer 1994: Andrews et ai. 199B). 

Few JtudlP! adjusted foe biker notable oot«lalcs 
of both smoking and dental carles in their analyses. 
The DMF Index is a cumulative. Irreversible index. Ax 
persons nxperiunre decayed nr filled permanent tooth 
surface* nr Iasi! leeth oiw their lifetimes, cheir DMI-T 
or DMFS scores will increase. Therefore. DMFT and 
DMFS can bo associated strongly wiih ag« even If age 
per sr is not a risk factor for Incidence of ilrrtjJ curies. 
Few studies, however, adjusted for age In tlx-ir analy¬ 
ses, Several studies provided agp.spn.-inr mean rnrlei 
scores (Ludwlck and Masslcr 1952; Zllierban e> al. 
1890; AxelssOtl et ai. 1998) or age-specific significance 
testing of differences In means (i|lrsch et a), 1991), 
which revealed an IncDinlstRnl auoriaitmi beivnepn 
smoking And caries within eg* groups h the one study 
lhal used a nail anally represemative sample of U.S, 
ado!is and adjusted for age and race or ethnicity. DFT 
and DMS were actually slightly lower among male 
smokers lhan among these who had never used to- 
h&cco (Tomarsnd Winn 1609). 


Tv»i> studies Aiii rnpitil tu Investigaip a done- 
response rfiationshlp between smoking and tien'Al 
carles [Ludwlck and Massler 1952: Alnamo 1971). 
Although smokers In the hlgliesl tmcguiy tif j'lgai rilns 
smoked pec day had experienced slightly higher 
DMFT. DMFS. orDS than those In (he lowest dose cat¬ 
egories. ihc reladanshlp was not consistent. The first 
study presented age-specific comparisons uf mean 
DMFT and DMFSi by the number of cigarettes smoked 
per day. which showed nu clear pattern wltlilu 
age strata. The second study did not presrnt age- 
5Gratified III age-adjusted OsiIitihIrK. which potentially 
could present dlffiLulilos in interpreting Uni Hssoeiu- 
tlonbctwem a disease Index that Is cumulative with 
age ami an exposure thai pnilwbly vva* increasing with 

age lr> Ihe study |npii|alion (aged |fi III rough 26 years). 

Smoking may be associated more with root- 
suifarr- -ihan wl>h [ DTunal carles, Two cohurt 
Studies (Ravald et al. 1993: Locker 1990) and lwo crass 
.sectional studies (Locker 1992; Tomar ami Wtnu 1999) 
repoiicd higher rncBn RDFS or RDS scores among 
smokers, but In unc cohuri smdy (Locker 199R) 
smnking was not found ro be a significant predictor 
«f root-surface caries In multiple logistic regression 
modeling. 

Evidence Synthes)* 

Few studies have investigated the association 
lie tween dgarene smoking and dental carles. The avail¬ 
able: literature is fairly consistent In suggesting that 
smokers may experience slightly more decay id. miss¬ 
ing. or fillnl coronal imrti sui fan-s. In ai Idlilon. smok¬ 
ers generally experleix ed mur<- decayed or fillrd root 
surfaces Lhan nomrukers. Howkvki. majiy nf [Ik pub¬ 
lished studies did not eddrnss potent I al confounders 
of these association* It is therefore possible that the 
otMerved a> violation j could reflect tp part CtW pres¬ 
ence oFnl tier Facinrs assurialed wltii both smoking and 
itenul carles. Evidence for a dose-response rDlatlon- 
shlpls upnrV: ami inconsistent. Studies that examined 
whether quilting smoking reduced the risk of caries 
development were noi Identified. 
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Source: https://www.industrydocuments.ucsf.edu/docs/skmj0001 
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There is little evidence Tor & biologic mrclumtarn 
that would explain i he role of *n L oklng In the devel¬ 
opment of COmrial dental Carlei. Wethodolnglt con- 
si dL-cut ictus limit the Interpretation of findings from 
epIdErmialogic slndirx. The few lines of Investigation 
undertaken have been inconsistent In identifying ei¬ 
ther bacterial nr salivary effect* Ihat would be expected 
to Incimc this risk. 

Slime evidence suggests that smoking may indi- 
renly tncreme the risk for root-surface carles. The 

mechanism probably Involves an Increased exposure 
nfrnoi ■Jiirfaoes of teeth secondary to linscif perlodon- 
lal aiiarhment. This relationship may rollccr the hn- 
|iaiJ nf.snniking on periodontium anil die saih.-uN|ut-nl 
exposure of tCoth root surfaces to tin- und ervlrornnenl- 


1. The evidence is inadequate to infer the presence 
ur ahwnce oi a causal relationship heiween smok¬ 
ing and coronal dental caries. 

2. The evidence is suggesti ve but nol sufficient to 
Infer a causal relal I unship Ik - tween smoking and 
i doI-kuiTbcc caries. 


Tc bd'erCharacterize the relationship between 
cigarette smoking and dental carles, future investiga¬ 
tions will need to control far potential Lunfuunding 
factors. These studies should boot the cohort design 
to bLow for assessment* of the effeti uf smoking on 
curious lesion formm Ion and to determine whether 
smoking cessation reduces disease incidence. Invest!• 
gallon* Into an association between smoking and root- 
uirfiui- caries will need to apply Indices that take Into 
account the number Of n»i surfaces at risk. JMCh a* 
tlie Root Curies Index (Katz 1680), or control for root 
surface exposure in trying ,CI Identify whether smok¬ 
ing acts through a direct or indirect mechanism. 

The increased risk nirrool-surface caries may 
be due to smoklug-a-cHM talec! periodontal destruction 
■ nil subsequent exposure of root surfaceS Of teeth to 
the oral environment. Because of the causal relation¬ 
ship between smoking and periodontitis as well as 
with many other diseases, and because more than one- 
half nf U.s adult smokers visit a demist iwiii ytur. the 
dental care community has both the opportunity and 
the professional obligation to counsel patients who 
smoke toqulc 


Table B. 21 C a se-control stud i es im the associat i on between smoking and p>rinAntUtlj 
Number Sources Find Inc 


odontitis: clln*'' 

advanreil pert- p«|-in- 

txlonl Ills (mean bait'd Sample 

PPD* >*.5 mm) 


tiiM ItoMtt 

periodontitis 
120-50% 
bone loss on 

21 surface): 

advanced 
periodontitis 
(>50% hnnp loss 
on 21 Surface) 


T : ?ii » f tuUlig jen-Sk. ulptil. 

'Oddsrain esumaips in this study were based un comparisons with smoking prevalence In a general popular 
Stockholm.Sweden. However, periodontal health wa? t*» es-imiined bi thh vnntrnr group 
'NR - Data were nut it polled. 


Number 

■if casus/ Cun 

mntrols di-finJilan 

a»/a» *i tooth with 
alveolar hour 
loss >9 mm. in 
21 tooth wllli 
PPD" 27 mm 


The Ikiitli Conieij’jnicra oTSmohi* 


Flitdtmrs __ 

Odds 95% confidence 
rafin interval 


•PPi-r- Probu j [Wtf rl-r- 

•Cigarette-years - Km: I - . 
‘Crude odds ratio ratbnatm 


Never smoked 
Ever smoked 
Cigarette-years' 
Aged 35-B7 years 
1 3 DO 
301-500 

>500 

Aged35-S4 years 
i-ano 
301-SflO 
>500 

Agetl 55-B7 years 
1-30(1 
301-500 


/ears of smoking rni ildpllprt by the number of tig arches smoked per day. 
were calcLlIrted ficm data reportnd In the paper 


l>urgBT> f >iwrel \ 

fieperr 




Table 6.22 Cross-sectional studies on the association between smoking and periodontitis 

Study 

Population 

Findings 


Comments 

Amo i?t al. 

72S malp THriury 

No quantitative results ware 

Mean alveolar hi)loss aj>- 

1959 

workers and stafT 

reported 


pea red to Increase with more 


Aged 31 45 years 



cigarettes/day In Rtaphlc plots 


Norway 



uf deviations Irom the sample 
mean: the analysis of variance 
verified W* B signinii.nl 
degree i/- tutrlfy ihw( tf«! 
dlffcrenc ulrlnnt be due to 





chance (mean and test scores 
were r»t r - -ifferf) 

liusuWg 

:»■ .. . 

... 

1 hull XV II ■ 

.t,,.,,:,.;, 1,.,. |,. v . V. 

art! I.'TiL-jui 

.Aged IWivenn - 


r.Ti 

IIIV . Irwl llr. f -.l l-.ij.-l 1, .Il V 

l»H 

f *-,»<> 

« 10 rlv.ii • 

■a r '' 

V I-- VV.-. :► --..Ii. -il'-. 





■-.-l-.rair-.- 



Mi-jinl 1 i i. li> 

•n-li .:-1 i: 




MuiL.nuli.Pi 





.-'iJClgJlV'l...1- 

ii-. i :cj 


Si--I If! • 11 

2,182 male an-l i •>' * 

I-,... |. 

.. 

K. , . ... .. ... 

etal. l9tiS 

female dental ril_ 

-Ise?'.« w." -... i 

l:PvirU 

l... , S VIii-i-. I- | < - 'luntal 


and hospital ... 


•i . 

ll v: v. l.-ll v. I'-, :,| ockft 


Aged 20 79 yean 

.js:ii ..ns. ngi-i 

: -.-i-. ir-1-. 

1.-: "• inking was 


United States 

ft:i .» ii m- i.,-.: 

: v.m.'ii 

'iri.%- 1 '- :i« ...ciatpri with perl- 


(New York) 

i-K - , i-"ld'iv. 

:r-. wl.ii- 

•--rii-re nl c In the age- 



• ... -1 » 

will'" 

-.. ■- ' i-l.ran’s k-j fur Luaii 



-1 •. 


: M '"' T * cn 

S„n-,.e-. 

I'ul-iril.t- ssr-rele 

M,.;i. . 

... I"-. 



M V-4 :i. 11. Il l 

!nr. igtiu ii-iu 

.-rill i-r-n. 

■VJS u-1-11" rn-ian- jiar.r-.- 

(.t-VTOn 

l.-l ■i.Mnt i 

i: Innl.i 1 >i- r 

Iivk-r vx:rr 

tu. cv.rr.v rtgrreu.- sr.ibkir.c 


-«jj:-tl ti< -neer. 

•IV IJ- IM-T 


was r.j-.nun :l In ■-.n x-. |- r -I.-.v. 


" r ' 1 ’ T ■'*' 

. Mar. 

0 Sr-'. 

1: s nil'll ..c -,f 1 /ill. -i ■ i ih-i.r i .i 

Alrtamo 

167 male military 

*.!' LE'a" ijj 

il ■ --.vkuig 

Lt A ws invosurcdclinicallv on 


recruits 

habti 


1 surlaces of all erupted Ux-th 


Aged 16-26 vears 

Clgarenes/tJay 

LPA 


Finland 

D 





1-S 

IL'ikU 




10 -ZD 

0.072 




>20 

0.106 


Mere: LiUbj c*t»erwls« dcflntd. current, fwir 
T-PA ■ Lass of periodontal attachment. 

m, Hnri nnw refer co 

smoking status. 


7K Ciepter S 
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Trtte622 

amtirrued 



Study 

Papulation 

Findings 

Comments 

Prctmr 

■34 male army 

There were no significant 

PPD wu cllnliallv assessed on 

«!l. al. 19 Bll 

conscripts 

dllTcrcnocsbitwi’un smokers 

ft teeth (1st molars, upper righl 


Aged 19-27 years 

(n ■ 81} and nonsmokerx (n ■* 53) 

central incisor lower left central 


Sweden 

In mean hone level or PPD 1 

incisor): radiographic assess¬ 
ments were of lower Incisors 

. 




h > .11 1 .v 

fllvir-'.r on -, i. kirn.' 

-i| :ro 0-M 

ndibjti.p - • s. with 

?-■?"! -l-.*l. 

.‘gid -1 .> •.-.•nr- 



I'im 

i-:1i— 

-iniici n'ir ia j . 

i .u /li ill - . :Ii-!iiw 



Ugh rv|... 4 ..-.J il l 

« luini / . .1 kill. 



■vW '1 V r.. i> 



be... r.usd 

Mmii r’PLi yum/ 

Aiijuned I or age In the analysis 


Mean age of nonsmok- 

Smokers 0.73 

of variance:(he nonsmoking 


er* o 47 9 years: mean 
age of smokcis - 43.8 

Nonsmokers 0.56 

group Included formet smokei* 


year* 

Mean bone low 



United Slates 

Smokers 0.70 




I 'iiiKikers 0 42 


|.l ,..|ri. 

r.i :ii la.. 

’■Ir.Vi :';r;jd. jj;a.fj,Le.H 
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. JE.t 

:• '* ?4h |m-i -r.nl 

t-v SiTiCT UjJ i'rt'lli 

. - •„ - irul 


Ag'*1 ? ■ . J y.-ai' 

• ’•in*iii v-nuki-i* 1 t- 

— . • • ^ i - - Inrd 


UlJl. J 

'.n*Mi«+ii'. 1! 

lug .ir 



•> jn>;k-:c ! 0 
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Pi-w - Pruu 
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Continued 



Siuiiy 

Popular! on 

Findings 

Com mens 

Levy cl al 

Population tesed 

Multiple linearregrevslori 

Perlodontallv healihy reeth were 


sample of 477 deni ate 

coefficient for propoition of 

defined as PPD T *3 mm with no 


adult* 

teeth that were periodontallv 

gingival bleeding: other vart 


Aged *65 V' ars 

liealthv bv Ihe number of 

•bits in the models for males 


United Stales 

cigarette* smoked 

were the number of teeth, age. 


(Iowa) 

MVi-v b ;ii|3 

Parkinson's disease, ever 



t-aiules j.i.'-ffl (not 

smoked a pipe, exercise level. 



raiLjl kallv 

and proportion price: i -*UJi 



signlflcart) 

calculus r ■' .nh ieo-... 

for fenutl- bp numl.* i u( 

ICCih: eg- -i Ion of 

teeth will - ay. 





Hi- i , 

jV>;, |l. ilull i.^v' 
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• ■> ■ii'-. • w-e I-1•c'-rr- IJv. 
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•'-i : .jitcJ ij j.lj 
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uJ.lvur; 
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U-Vl-J.*.* , 




■rji'i'ir'al 





’I’PD - Probing porker depth. 

■Oil - Odd* rM- 

O-CooBde ■ • h tVoL 
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Study 

PopiiJatl<gi 

Finding- 


Commcota 

Maikkanrn 

Population-based 

Prevalence (36) of PPD’ 4-6 mm 

Nonsmokers Included former 

et al. 1985 

samptp Ilf 2.919 m«t 

Men 


smokers: periodontal status was 


arid 2,349 women 

Current smoker-. 

51.6 

measured by (he Feilodontal 


Aged 230 vest* 

Nonsmokers 

51.7 

Treatment Need System (PTN5). 


Finland 

Women 


clQUirymg each quaiJiant of Ihe 



Current smokers 

50,8 

mouth bv lliu lilgbcsl suire 



Nonsmokers 

&0A 

Within llial ({UHiInmt nisi cdrJl 



Total 


[H-rsnn acmrillng In llu- highest 



Current smokers 

5IJ 

quadrant score: there were no 



FJonsmoke rs 

51.2 

significant differences between 





smokers and nonsmokors in 



Prevalent* nf PPD >6 mm 

piTfwJumal vvikctlng vrln-ii 



Men 


sli at tiled by gender: smoking 



Current smnkm 

33.1 

was not a significant correlate nf 



Nonsmokers 

!•■*! 

the PTNS score In a log linear 



Women 


model lhat also Included gender. 



Current smokers 


age. nnl ihe number ufdenlate 



Nonsmokers 

|- t 

quad nines 



Total 





Current sn.-il-iT-. 





Nonsmd it- 



::-rj»*irkm 

iiri ... j a in u|.< 

IIS-III l^ls 


l i f.1:'-iT!rh-n.:r. ro rrm r,* i 


| '11 -1 p-.-.i..i .a" 1 lll-JI 1.1115 

\r,.u :-*•! hiitfih: 


’.vr-i .u N-i-.t h-l^li' w.r. 

; i« 7 i 

KJ.V-1 ,’l-f/l v»*r* 

J.y. ,-i > 1 -*tl ■ r S 


-.Igni'l .-III v • 1 '■ -III'Vi I- 
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¥ .. 
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A^'JlI-^Ji.jli 


-.it.’'. A-:r'. no a.pndivin: 





• II ei.n- jil.r la- .Vi-!. 



r.i-IIM! Ilk-1- 

(i | 

S- ni sis kri.\ t.. it.ii- 



\g. i . . l"-fl eal 


»r-.-.ker-, !-[n»'|- -ncJ-:*rs v..>n- 



Srviii-r, 

1 

-»i .-'I. .1 li:a-r..la-:.:ai 



lo.-l 

r. j 




;j.4l.! 1 k. I-. 

1:. . 


Bergs trdm 

208 male and 34 female 

Mean numher or periodoncal 

The mean number of perlodon- 

and EWnn 

proriiiloiml musicians 

jiockeU i4 mm 


tal pockets Was significantly 

19671. 

Aged 21-60 years 

Aged 21-40years 


greater In smokers than In 


SwPtlPTl 

Smokers 

27.3 

ncosmcikers across age group* 



Nonsmokers 

13.4 

and plaque index stores 



Aged 41-60 yeans 





Smokers 

39,8 




Nranmnkpn 

31 0 




Tlltdl 





Smokers 

.16.0 




Nonsmokers 

21.8 


'PPD - Probity pocket depth. 
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Table 6 23 Co 

ntlnued 




Shady 

Populatlnn 

Findings 


Comments 

Couladtlh 

184 male and 190 female 

Mean number of sonants 

The mean number of affeeted 

c-t al. 1990 

hospital workers 

j rtected. based on 

CPI I N* 

sextants did not differ slgnifi- 


Aged 17-74 years 

scores 


cantly between smokers and 


lirael 

0 


nonsTTwkers for CPfl N scores 



Smokers 

0-32 

2 and 4: adjusted for age and 



Nonsmokers 

0.84 

gender 



Smoker* 

0.55 




Nonsmokers 

1.01 




Sniukem 

Naniitiukrn 

t 5? 




Smokers 

2.46 




Nonsmok r*rs 

4 

Smoker* 

1 71 

i c. 




Nimsrv'l ': •• 

i .1 


. Hon vi: 

f .>.-•! 


' HI it/ 

“t-.,.. yj.ir,: dr .t dllTw.-me mil. 
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included age and disease status 
(generalized VS- localized): there 
was nu control group 


'(.PA - Lots of periodontal attachment 

VPti - Pluhlri^ j»ud«.-t depth 
“A.MOVA - A.iafy.K ofVKrii»m.T. 
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Findings 
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period orients 

Mean age - 30 D years 
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Mean LPA* Imni] 

Smokers b.28 

Noitsnvikcra 0.1T 

TcelhwlihSl LPAsllci2 mm 
(mean %) 

SiflOiers 17.0 

Noiismukeia 99 

Analysis of uiVarixDni: 

covariates Included age. rare, 
gender, and mean vlaque Index 
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l: X.) 
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Mnn.inuilum 0.4 
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Table 622 Continued 


Study 

Population 

Findings 

C(imment> 

Wekfll el al 

517 male and il3 

Adjusted OR (95% Cfj for 

This ordinal logitric regrcviion 

1999 

female paritdpartts In 

"perlodont}'.!disease" by 

model with CFfTN* scores as 


a multlphaslc health 

smoking status 

nutr^imes was adjusted for age 


examination 

Current jmaker* (dgarettos/ 

gender, fasting plasma glucose. 


Aged 21-83 years 

day} 

mid detttal debris index: a 


Japan 

0-19 7 3 D ? 4.3) 

20-39 ' '• ■: '■ 1 '• 

3 !-' V» e-; I 

Former smokers 1 4 i" ■ 

iNrverami'ked ■ if : —n-i 

dose c-^rKrtisc relationship was 
high : •• gnifimrii 

>: ■r.lvrrig 

mil, ;:i rm:ci> 

S^Mrii'I'L) l.i.r.'MivAIn:- 

.‘•f:iii J>*.iMir i-,.*\m : • u. 1 

t'LlI Jit ill p. 1 



<>i-V. 

Wilu-1> 

J«:|l 


M>.ui 1 PA* I'iilliJ l»v hi ■ kl»li 

V'Mfr.t rrr.le.-j 



- 

IV-.-..US-,-* cli:»i-. 




f‘nv-.i*i«l\v' ! 1 FA.-4 -ivn 






Mi-'.'icji et 

HH male military 

Mean PPL I'.l'i ;. by <it' )Wng 

Ills ui.Ofc-t J it.ut.iiokcrz 

Hi 414*3 

recryhs 

Mean age 19 years 

Spain 

status 

Current smnkers 1.66 

NcnUinokpra 1.56 

Mnsn LPA (mm) by smoking 
status and cigareites/dfty 

Cu rrent STnokers 1.62 

<5 1.83 

5 20 1.82 

>M 1.79 

NonSmokers 1.03 

Lutludtxl former smokers 


*LHA - I ns, «S [vf]adnfinl smrhwBiL 
'IVR - Probing pocket depth- 

*CPITTV - Community Pwlodontnl Index a/Trcxtitmnl Needs. 
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The Health Cmtteq innt« d Smutting 


Pupu la Hi in-tovd 
temple pf6.460 men 
and 7.180 women 
Aged*] 8 years 
Untied States 


Adjusted OR for piTludoniliK 

and smoking 
Cumin snmkeni 
(all) 4 0(3 2-4.0) 

Cigarettes/day 


Former smokers 
[all) 1.7 0.3-2.Z) 

Yean since quitting 


periodiintllls was defined as 1 

oi more periodontal sites with 
both PPO 1 £4 mm and LPA.' S4 
mm; there were strong dose- 

response relationships fur 

current smokers [cigardies-‘ day 
and duration) and former 
smoked {years Since quilling) 


6-ttt 2.C 

211 I .J • 

Nevitf smukrtl \ i 


Tablet 623 Cohurt studios (in the asuncLatlnil between smilking and pcrioduntltls 
FuDow-up 

siudy Population (ytHin.1 Outcome Findings 


’LPA- Lots if pttkjdacilal nUactvnv 
Wfi - Prohlng porkei depth 


Bolin 170 mm and 

eiai.iUiiG l79women 

Aged 18-65 years 
at baseline 
Sweden 


■-t r I "lt-7 V.-t-vraru Adntlul'. 
A^!i.gS:nd-. 
iD-ntui.;. 


Loss of Iniwpioxl- Muar Jmni: loss (% t>f mol Irngih) 
mil alveolar bone by base lit*: smoking status and 

cigarettes smoked /day. standardized 
for plaque- lavel 
Current 

1 9 cigarettes/dav S.) 

10-20 cigarette:: .)r- 5.5 

,'20cigmciU ’i/ ; i. 5,6 

Nuns mtikcrs 4.0 

Unclear irnuruninkri. m. mlcd 


ISfflJ' ' r ? 

etal. 15t-:i J . 


'LPA * Low of perlnrtnrKBl slnrJimnir, 
'OH - Drifts ritfio. 

■Cl ■ finnfldma- Interwl. 
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periodontal die 
with LPA S3 mm 
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regularly; Ibis logistic regression 
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romanas gii must recenl 
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The Wealth f.'fliiscguejiers d Smoking 


Surgeon General 's /fc port 


Tabic jjj Cross-sectional and cohort gBjja on tftt association between smoking aad denial cadet 


Ludw It k and 2.5?7 im le rm vy enlistees C ross - sectional Mean DMFS' by niea n number of i igarrSl es/ 

Mauler 1952 Ayi?cJ 17-21 years day 

Unit rd Stales Clgaretliw/day DMFT' DMFS 


1,122 male anil 1.023 
female dental patients 
Aged 14-19 yean 
Sweden 


Mean DMFT by smoking status {but not 
adjusted Forage) 

Smokers 9.0 

Nonsmoters 7.0 

The text suggests that srntiking was signiR 
candy associated with DMFT across age 
groups, but data were not pres Hired 


Locker 1992 Population-based sample Cioss-stv.HiuJ 

907 jiptSuiu 
A ged years 
Cans da (Ontario) 


■DMl-s*! 1 - j-.mI i-twing inuem *i h«i ri Matt coronal permsnen 
'DMFT- l.'.-.jy-.-iratWJi}(Huetuerr.v.%,i. fitted pCmuitntltelH. 
‘DS - Decayed rnrcmal permanent toortl Surfaces. 

•K 1 - Predict loll values 
‘MS - M Kslnu tnOlb tiirferM. 


11 art ct ai. Convenience sample Cross* 

1905 HH dentil pntknts 

Aged 14-88 years 
United Slntes 
(Tmnr 

'DMFT- Decayed, mbs lug (duo ki carted, or Tilled pvrnunci' 
’DS — Ottend cimna! permanent tooth surfaces 

’DFS * Decayed or filled cnrOnai pcnranpjil tooth Surfaces. 
"FS - Killed coronal permanent tooth surfaces 
"KOS - Decayed root surfaces. 


f- .- Mgn lllcant diiicrcnce in mean DMKl 
between smokers (23.9) and nonsmokers 
(21.2), not age-adjusted.. unclear irmissing 
iiwthlnc .:•! tlrinly I hose missing dueiu 
denial c*i 



lacker 1995 Popularion-based sample Cohort. 

493 persons (of 699itt the 3-year follow 

ba«ellrn survey) 

Aged fe50 years 
al haw I (no 
Canada (Ontario) 


Mean RDFS" and RDS" jncremenn by 
smoking stains 

RDFS RDS 

Current or former smokers Q.75 0,38 

Never srnaked 0.47 0.24 

Persons (%) experiencing RDFS or RDS 
Increments fcl) by smoking status (RDS 
differences were not statistically significant) 
RDFS RDS 

Current« former smokers 2,1.6 10.0 

Never smoked 24.0 12.7 

Smoking was not a significant predictor of 
RDFS or RDS increment* In this mull I pie 
logistic model 


Population based sample Cross-sectional Mean DFT**. DF'S 1 , and KDFS“ by smnklr'g 


C.945 dentate mrr 
Aged 218 years 
United States 


'OKS «■ Uer^etl nr riled coronal permanent tooth surfaces 
''RDFS - Decayrd ur rifled rout su rfuces. 

“DFT - Decayed or lllled ptmunenl trelh 


status, adjusted far age. race, and ethnicity 
DPI DF5 RDFS 

Cuin.ni smokers 6 3 16.0 2.3 

Never smoked 7.0 17.4 1.1 

DFT and DFS differences were out stall.? H- 
colly significant: cum-nt smokers were not 
slgnificandy mure likely ihon men who liad 
never used tuhnuui to luiveSl RDFS in 
multiple logistic regression models 


11 «t al. hupiuauui .r.. i. vii ipie 
Aged 35 j -•:- 1 5) 

Aged 50 y r. i.n - : 0) 
Aged C5> -...-. fu - .110) 
Aged 75 r r. (n- S10) 
Sweden 


KieanDHr.j' L-y age and smuklt _..i: mi 
Agtd 35 years 
Current smoke is 48.9 

Neve r smoked 38.1 

Aged 50 veils 
Current smoker?. 84.4 

Never s moki'ri 78 .1 

Agcil 65 yearn 

CurltiA jumkfis 98.8 (not slgnlSUonl' 

Never smoked B3.0 

Aged 75 years 
Currem smokers 114.6 

Never smoked 100 2 

Largest dil/firrme al .iges 50.65, and 75 
years whs In the number or MS*: at 35 years, 
smokem had a higher mean DSSthannovar 
smokers (39.3 vs 31.Z): MS were not limited 
to (hose missing teeth due to carles 


“DVIFS - Decayed, mi wing (duo to cartes), or filled enranaj pemurtent toalh surfai® 
*M$ - Mbsing tooth nurfuces 

1DF5 ■ Decayed or nil pel coronal |wminrni tonih surfaces. 

"Mils - Decoyed mot surfaces. 

"HOPS • DwayK) nr fflleri lout turfam 
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The HtaSl A CansoguencM of SmoWng 

Erectile Dysfunction 


Erectile dysfunction, defined us the persistent 
inability io attain and maintain penile erectionad- 
t-quatL- for sutfefsrrory sexual performance (National 
Inst I luces of Health (NlHl Consensus Development 
Panel on Inipriuirr I9A3), has recently received ton' 
sldcrable attention as a rnajor medical Issue luthc 

Untied Si area Additional emphasis has been given lo 

ttits condition with incicasiivg recognition of tvs pro¬ 
found Impact on quality ofllft (Wagner ut al. 2000). 
Epidemiologic data. lUmgh sparse, Indicate tls Impor¬ 
tance as a public health problem The prevalence of 
erectile dysfunction In 1902 was estimated tribe 1ft 
percent among men SO through 59 years of age accord¬ 
ing to the National Hea)ttian<l StjcM) Life Survey, a 
UnlUxl Stales probability sample of men and women 
agrd Ih HiiiiTigh 59ynare (Utuirunr i« a). 1*9} Among 

mp ii *0 through 70 years of age, prevalence c*limaIts. 
of compete erectile dysfunction chiflig 1DR7-19^9 ex¬ 
ceeded 10 percent and estimator of tit least mild rrer- 
ille dysfunction exceeded 50 percent, according to the 
Massachusetts Male-Aging Study (Feldman eta I IBM). 
Incidence estimates of erectile rlyx/unrilan during 
1995- 1997, derived fmni Iwtglt Udine I results of the 
Massachusetts Male Aging Study, approach 26 cases 
per 1.000 men anni Kilty Qnhannes pr al Z00D). 

Many cnudlllcinx have been Implicated as causes 
of enKTtUi- dysfunction. Including hormonal ilcraiige- 
menl. psychogenic Influences, neurologic disorders, 
and vascular impairment. wlileti may all Interfere with 
the basic physiologic mechanisms Irivnlvrii ||i penile 
erection. Vascular impairment. which commonly re¬ 
fers to disease states that hamper penile lilnoil flow, 
warrants par titular attention fur several reasons. Most 
Importantly, vascular diseases are rnmrmmly assud- 
aiL-d with prrscntAtirnK of rrecllle dysfuncUon Objec¬ 
tively demons trail It erectile dysfunction has been 
found Inpjilenir. with myocardial infarction.coronary 
byjsuis Mjigpry. cerebral vascular accidents, peripheral 
vascular disease, and hypertension anti 

Dinged ] 999). furthermore, reports uT patients with 
vascutogenit erectile dysfuculloti Imre suggested pre¬ 
disposing vascuiopathlt risk, factors, which Include 
r.tgureue w.itiklsiy. fitly diutq advene lipid lev¬ 
els, hypertension, physical inactivity. and obesity 
(Culdsu-ln and Ujrty.lchmtot] 19ft*). Several large i-pl- 
dcmlologlc .studies have explored the cxicnt to which 
these fw-.nrs impair erectile function (To’idman «ral. 
1994; Derby ceal. 2l»0b; Feldman ei al, 2DOO; Jotrannen 
ul bI. 20®). The results of these studies also Imply that 


mod lflcadons of risk factors may reduce the occurrence 
of erectile dysfunction. 

Among widespread concerns ntxmt adverse 
ix-allh effect * associated wlch cigarette Mucking Is the 
gtovrifg belief dial ihfc activity tul vpneiy affeth sexual 
Ih-kLcK and,in particular, erectilefoncuctv U « platt- 
*ih|e ihat cigarette smoking exerts atherogenic effects 
ot» penile circulation relevant to c met tin function. akin 
to effects on coronary circulation associated with heart 
disease (Fried ct al. 1986; RalthWi ct al. 1886). Fur¬ 
thermore. cigarette smoking cessation {nay afford a 
picrvenitve strategy fnr reducing erectly dysfunction 
rales. However, each of these hypnlheses requires a 
t-ri Heal examination of the evidence regarding the <1 
furls <>f sunking on penile erection. This chapter sum 
marl ws Rna evaluate* current observational and ex- 
fieri mental data linking cigarette smoking and tobacco 
use with erectile dysfunctlun, including the patho¬ 
physiologic concepts. 

Conclusions of Previous Surgeon 
General's Reports 

This topic has received u>me coverage In prior 
Surgeon General's reports. The 1964 report (U.S. 
Department oflleslth. Education, and Welfare 
(USHIIEWI 1964) Included u discussion On masreUn¬ 
ity In role I ion lo COPD. The discussion drew (roman 
Invest]gatfon that defined the ‘c IcmctlC of irtesculln - 
liy as Indicated by external muiphologlu features.' end 
contended that 'weakness of ihe munilintt compo¬ 
nent 1$ significantly mure frequent In smukera than fn 
nonsmokers, and most frequenl in htfavier smokers" 
(USDHEW 1964. pp. 3*3-4). This vaguely described 
dethcnl merely rrleln to Ihe I hemr of male sexual 
pruwcsv as erectile abUity oc lack thereof Was net di¬ 
rectly assessed. The Advisory Commltiee to the Sur¬ 
geon General recognized the tentative nature uf (iw 
rnndnjfcms and the need for further conflrnmlton. Tlie 
18M report carried oui a comprehensive review of 
sexual activity and performance, nmi spwm density 
and quality (USOHHS1990). This review did /<c>i lead 
Co Specific canctuiiuns. reflecting llmlialiotis Of the 
available rial* and their Inconsistency. This sec I Ion 
reviews the Issue of male sexual function. examining 
the influence dJ cigarette smoking an penile erection, 
«n« specific component of male sexual function. 
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Surgeon Cert oafs Report 


Biologic Basis 

Direct biologic evidence establishing plausible 
mechanisms for the effect s of cigarette smoking on 
penile erection certainly would strengthen the premise 
that cigarette smoking constitutes a risk factor for 
erectile dysfunction. One passible mechanism U 
smoking-Induced endothelial dysfunction of the 
penile vnsmliilurr. This hy|KHhntli Is supported by 
icctaii Lives Ligations uuu Ihe physiology of penile crec- 
t'xn ufTLrnilng tlat the enduthplium of the. blood ves¬ 
sels supply I ng the penis, as well as that lining the 
lftcur*T spaces within thr penis, releases vasoactive 
substances chat contribute to the control or penile 
smooth muscle relaxation required for penile erection 
(Lue and Taragho 1987). 

Suen2 <te Tejada and Colleagues 11989) probed 
wlwiber smoking affects penile vaxcutalure erirfolhe- 

Hum as part of an investigation of the consequences of 
diabetes melliius on endgthe La I function In Ihe penis 
In men with erecaledysfunction. Using isolated strips 
of htiman corpora cavernosa of the penis. Ihe Investi¬ 
gators compared Isometric tension results from inert 
with and without diabetes who were smokers (having 
at least a live- pack year history of cigarcile smoking) 
Qf nonsmokers The findings indlcalt' thal a hhtory of 
smoking wax not associated with e wnrsened Impslr- 
menl of endnihelliiin-mcdlafed relaxation rejporafj. 
The study did not assess responses of tissue from 
MDokeu Independently while mntrtilllng for iilher 
possible erectile dysfunction rUk factors, nor did It 
carry out A subset analysis of responses from smokers 
specified to have had large-amounts uf cigarette smoko 
expusure. Theac lln Jtatlons resLria tin; conclusions that 
ran be drawn concerning the effects ofsTiHiklng on 
eiuindiella] function In the penis. 

Tn a.study of ra La. Xle and col fatigues (1997) ex¬ 
amined the long-term effects of smoking on the en¬ 
dothelial synthesis of nitric oxide fn the penis Nitric 
oxide l» now known to be the principal vasoactive 
mediator of penile erection (Burnell 1997) Nitric ox 
\4c Is released by endothelial cells in response tod I- 
reel cholinergic Stimulation anti in response tu dynamic 
ffaJitfa u|~(Jurnging ptTiile blind farm. Ill the nlnriy. rsijx 
were passively exposed to cigarette smoke in 60- 
TTtintite &Kstsn* ontc pw day. ffva days pci w«k. for 
eight Weeks. Immunoblot analyses of the protein ex¬ 
pression of endothelial nitric oxide synthase (eNOS) 
III jwnlfe tissue fmm dtp expused nits did nut r»rvpg| 
any dimfnutlnn uT pNOS expresxlon cnirpned with 
ti'juo from ccrurol re's. Hnwes'er, these investigators 
cnriHrmed that overall nitric oxide synthase enzymatic 

activity (which tombhies neuronal .and endothelial 
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whkccvI and spetlflcilly the protein expressluti af Utc 
neuronal form or nlrrlc oxide synthase in rhe penis 

W(W both markedly veduccd lolluwhlg paSllVr. Skpu- 

aure to cigarette smoke In ruts as compared with rats 
mrt exposed to smoke. Their Findings mainly suggest 
that smoking selectively impairs neuronal mecha¬ 
nisms. In particular the nvuronaliy based nlulcnxldt- 
signal transduction pathway associated with penile 
erect ibn. But the relevance of the rat model for humans 
Is uncertain. 

Thr investigation by Saenz de Tejada and col¬ 
leagues (1989) bImi evalimud wiiHhei smukiug AffL-cl* 
■ hp neumgenii: niriiuiihiiii luponslble fm pen tic erec¬ 
tion. The overall finding was Ihat rhu Impairment nf 
neurugenlrally mediated relaxation of penile vrnoolb 
muscle from smokers (combining results from men 
with and without diabetes) was rot different from thr 
irnpairiiu-nt oliscivivl In nonsmokers (both men With 
ami wtihmil tfiabeirs). However, iltcse conclusion* 
have the same llmllallnns as lht«« cOnee riling enilu- 
ihelial effects oLxrrvrd in this study (we above). Art 
In vitro Investigation of nr uromuscular transmission 
In hiinian corpus caver nosum also studied nlcotlnr 
and lound thal the actions of this agem are both con¬ 
tractile and relaxant (Adalkan and Ratnam 1988). 
ff erect I fa dy.sfi Iflcl Inn roxulu from CXOgitiuu.vly ink 
ministered niixitlnr during cigamle smoking, it may 
he due to the acute vasoaclive mndulalnry pffeels of 
this agent cm the penile vasculalure 


Epidemiologic Evidence 
Observational Data 

This section explores the association between 
clgircicc smoking, as well as other forms of tobacco 

use, and the nryrurrerice of ererllle Hysfund Ion bused 
on a rev fa tv a f available observational daia. A litera¬ 
ture search was i:>oidu:l«| using die Niliniuil I.lhraiy 
uf Mediclni-'-s PuhMed system sirirf was supjilemrtiled 
with professional knowledge of other resource* The 
critical feature of the observational data is the neces¬ 
sary tchance an Self-remitting ssul atlwr subjective 
Insb-iimerits (eg., logo, qursctoitnalrc.s. and sexual func¬ 
tion Inventories) to determine tobacco exposure and 
erectile performance, rather lhan quanlltatlve measure¬ 
ment* of #*se variable*. A ynglfr-ilcm assesAruenl (e.g., 
"Doyou experience Jlinudty getting and/or maintain¬ 
ing an erection thal is rigid cnougYi Tor mluhclury 
sexual Inltrcuuisr?') ha-s galrairi prumirirnct; particu¬ 
larly for jinpuJarlon-haspii epidemiolagic studies 
(Derby el al. ?0Dlfa). This assessment has been 


useful as a slngfa. direct pracllcu) Inul loocceriRln (he 
picseixx- orcrct-'ille dysfunction. Whereas cllnkal i|m-<, 
linns are impnictk»l (Derby el nl. 20lXla).This dale col¬ 
lection cncthodolngy rkw-s intmducp Ihe pOislNfllyof 
Information bias, probably toward underreporting. 
Differential underrepotiing liy xmokjng status would 
bias >-5i |males of tlm effi-cts of Mnoklng'.tiaw(.-vcr. Ihc 
findings do prove iTislghiful it to its probable slgnEi- 
cance wllhln the gcupral population. Futlhcrmcire. 
avjioiis nr mmpromlwid sexual furntlon arc funifa men¬ 
tally Issues or a subjective nature, w herein intleut self 
reporting may accurately serve rs Ihe mala or even 
(he sole. criterion for cslaLUshli^ the existence and 
severity <if the problem. 

C»«p Srrfrv 

Clgarctic smoking has been linked to errnlle 
dvsfuin iiuu in several clinical reports, most qualify¬ 
ing ns ubsn rational case series. Aa suds, tlay ure Um- 
iwxlbynoi having irue comparison gnmps. hul they 
are reviewed heie beuuise I hey arc ullc/i cited and dau 
fioin nuiro finttiuf xtndlos are limited- Wabrek and ail 
leagues (1083) found thal approximately 50 perceul of 
i 2(1 limn referred for evaluation and management of 
crechli- dysfuncxlon to a hospital-basert meiliual sex¬ 
ology program were scuukcrv counting users of eiga- 
rellc*, cigars, or pipes. Vlrag ajid cullejigijcs. {] SS5) 
confirmed a C4 portiere raw c!f rlgareite ; rocking, de¬ 
fined as tobacco use exceeding 15 cigarettes per dav 

fur al Irasl 15 years, among44(1 men refereed for cllvii 

cal evaluation oforcetilpiiysfuiytlnn. fitmtmU and 

Du Plessls (1986) slmlkrty obser»4 a 62 peicunl ciga¬ 
rette smoking rale, based on approximately 25 riga- 
ccues pw day fur more than Mi years among 300 mn> 
screened al aitamlrology clinic An attempt in provide 
comparative iiilpiTnniluri was /uadi! by Cdndra and 
cnlleague* (1986). who studied 176 inm with erectile 
dy shine linn rcfernxl fin clinical evaluation arid found 
»hac 51.4 percent were curmu smokers and 81 percent 
Were cunTnx or termer irlarrlli! smokers These rates 
exi:fi:rled the 38.6 percent and 58.3 jiprcrnl rates, rc- 
spi-ctlvciy. ascertained In the general population us¬ 
ing concurrent survey data. A recently published meta- 
uivtlysl.s of smoking prevalence in men wltli erectile 
rlysrunitlon also Included a rrimpar^livc asicssmeill 
Ihar eontmllcd for age distribution, lime period, and 

gcngraphK ioratlun (Tengx and Uagood 2001). This 
mcla-analysis, which cnnalsieil of i9 clinical studies 
published In tin 1 lust 20 yeurj; wlr(t riaia an Chrrcrtt 
smipking. ri-vealed diat 40prrccni of the combined to¬ 
tal of 3.819 men with erectile dyrfn notion were cur¬ 
rent smokers compared with 20 pci cent nf men In the 
general pQpulalinr tfengs and Osgood 2001). 
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Populal ion -Based Studies 

More valid appraisals uF ihc effixtt nf cfyjaretle 
smoking on erectile dysfunction have been obtained 
through Cr&.u-secilonal. mndum surveys of a sample* 
pnpulallnn (Table 6 29- 1>»e Vietnam Experience Study 
of 1985-1086, which surveyed 4.462 U.S. Army 
Vleirwm-era vMeraru aged 31 through 4!)years, found 
profile dysfunction prevalence ratex of 2.2 percent 
among nonsnivhei*. 2 ,Q pcn.eruamnngfunner smoh- 
ers. and 3.7 percent among current smokers fp » 9.065). 
Die axsodalion (OR - I.S |95 percent Cl. 1.0-2.21) was 

maintained irven after adlusimcms fur cumorhiduy 
facturs Including vascular disease, psychiatric prob¬ 
lems. hojTnnnal factors, .substance rbuse. marital sta¬ 
ins. Tar? and age (Mannino clal. 1994) 

Additional recent studies suppurt die direct as¬ 
sociation between dgan-Resmoking and erectile dys¬ 
function. A cross’StXUunal si inly avcevditg the preva¬ 
lence of erectile dysfunction in 2.010 men aged over 
18 years In Italy in 1996-1987 showed that *inok.lAg 
was associated with an incrm-urd risk of the condition 
(Parazztnl cia(. MOO). Although thu study was con¬ 
trolled tor n mill pic variables Including age, marital 
warns. SES, anddwoiik. d'-wases. K (ound an lntreaseil 
risk or«rocolie dysfuncxipn far Current siimkiTS (QR « 
1.7 195 pcieepv Cl. 1.2 J.4). p <D.05) and for former 
smukerctORs f .6 |95 percentCf. J.I-Z.3), p cn.0S)in 
comparison with lifetime nonsmokres (Paiazzlnl el a). 
2000) ThR Krlmpen Study, u cQmmonlty-based study 
Cimducied In Roller dam. ihe Netherlands, between 
1985 and 1999 that surveyed 1.666 men aged 5o to 78 
years, also confirmed thal smokers professed signifi¬ 
cant erectile dysfunction (adjusted OR - 1.6 |95 per 
cent Cl. i .1-2.3], p <0.fl5) lua greater exieni tfdtl non- 
smokerrt (Blanker M al. 2091). A cross-srcllunal sludy 
of rrcctik' dys/unaion prevalence conducted in Spain 
in J998-1999. consisting ar?,476 men aged 25 to 75 
ypsre, demonstrated that cigarette Smoking was six 
uifhanily associated with erectile dysfunction (ad¬ 
justed OR »3,5 (95 percent Cl. 1 64-3.6(1|, p <0 05) 
(Man In-Moral is ct al. 2001). 

Another recent study suppnrtxrhc direct n*so 
i:iad«n Liftwcen tlgarcm: smoking and erectile dys- 
funrllon (Bacon el al. 2001) Tlie Health Professionals 
Fnllirw up Study, a prospective cohort wurty of heart 
disease and cancer tunoug US. male health profession¬ 
al* (Rlmm Cl Al. 1991; Aachrrlo Rt aj 1M6}, surveyed 
34.282 men aged 53 tlmigh 90 year* In 2000- The study 
showed an Increased probability of ercrlilr dysfunc¬ 
tion among mrreni smokers compared wflh norsmok- 
ers (OR =. 1.3 (95 percent Cl. 1 1-1.61. p <&.05). while 
controlling for age. marital status, and rim’nlc dlS¥3ies 
(Bncunet al 2001). 
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Table 6^5 Cross-sectional studies on. the assoclallnn bvtwce.n smoking end ttio risk rvf 

erectile dysfuocrton (EDI 

Study _ Population _ Smoking alatus _ ED rate { %) p value 

Feldman ct Boston Masaachuants, vesideuti Neverand fm: rmikvn 9.3 >0.200 

al. 1994* aged 40-70 ware; studied during Current smoJ n 11.0 


Martin- Spanish men afied 25-95 years’. 

Morales et studied during 199fM99J 


■ r and former smokers NR 

i' -nt smokers NR 


7 rwalcnee study. 

SlyrriTJcEnr results. 

■irrldenre snjdy. 

•NR ■ OatH woe not repnrtwl 


Evidence against an Independent association 
between cigarette smoking and ercrtilu flysfunruon 
comes from the baseline phase of lh« Mavuirhuseds 
Male Aging Study, a community-based survey con¬ 
ducted from 1987-1989of 1,290 mentignj 4ii through 
70 years living In rhe Busum. Massachusetts, srea 
(Feldman et al, 1954). The pruLiabllilies uf rnmpfatc 
erectile dysfunction were 11 percent in smoker* and 
9.3 percent In nonsmukers. Including both former 
smokers and liiote who had never sronked (p >0.20) 
(Feldman et Rl, 19941 However, the longiindinal 
phase nf the Massachusetts Mule Aging Study, ex 
tending over a nine-year median interval, sfaiw-ed the 


corooriitdliy-adjusted rareoflntidcni cnrciili- rlysfunc- 
llon ID be significantly higher among dgareiiesmok 
ers (24 percent) Hum uuns.ru.lcen. (14 percent) (OR - 
1.97 |95 percent CT. 1.07-3.63], p = 0 03) (Feldman ct 
al. 2000). Tht: class!fkn(Ion of ereaile dy.ifunction was 
based on an algoi lthm iterlved by the discriminant 
analysis ufl3 qiu’sdans. 

Kli’inman and colleagues (2090) reanalyzed the 
baseline data from Ihe Massachusetts study using new 
methods for classifying ercrtlte dysfunction. One 
method corresponded to the approach used by 
Feldman and cnllcu^ui^ (2000), based cm responses 
from men attending a urology clinic to an original 
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questionnaire and loanadd!Unnal glottal question for 
srlf-r-.il Ing rreccil*' dysfunction. Another analysis Was 
based an respnnse.s w an expanded follow, up ques 
Uonnairp. Cross sectional analyses of predictors of 
crn:l lit: dysfunction whip tarried out In the 1987-19RH 
baseline data W»h the clinic based method fur class I- 
fi carton, current smoking was not as six lau-H wilhemv 
elk dysfunction (OR - 0.95 |95 percml Cl. fl.72-1 2Zj) 
while with the study-based method it was (OR - 1,39 
|95 percent Cl. 1.07-1.80)}. 

Disease Ciunlatn 

Type uf Tobacco Exposure. The ptAspecUVe 
analysis tiT Hie Massachusetts Male Aging Study cjs- 
antlucd vatluin types uf tobacco e.*pos»wes to Identity 
associations with erectile dysfunction. The odds of in¬ 
cident erectile dysfunction were more than doubted 
both forp&ssh-e exposure to cigarette smoke. If present 
txilhm home and at work (adjusted QR ■= 1.07 (95 pei- 
comC[. MM-4.I3|) (|i "fl.04), and rnrdgar smoking 
(adjusted OH - 2.45 |9S pccoent Cl. 1.M-S.5QU (ji = 
0 03). Passive exposure ai home or at work alone did 
not increase the odds of incident erectile dysfunction 
in iKinsinokcrs, liui ench Increment of exposure did 
Increase l he estimated I Ike H hoed of erectile dyvfuie.- 
i fun in smokers [Feld man ei al. ZObO). 

Dose-Response. Tier relationship hnween the 
amount of tobacco exposure and the extent of erectile 
dysluncl Inn ImslX'en subjected preliminarily to epi¬ 
demiologic analyst™. .'mvenil population-based scud- 
ic.s furl her explored the effects of measures of expo¬ 
sure on erectile dysfunction- The Vietnam Experience 
Study did not show arty relationship Inwup (he mem¬ 
ber of cigarettes smoked dally or the number of years, 
smoked and erectile dysfunction among currently 
smoking veterans (Mamilnu m al 1994). Similarly. the 
baseline phase of the jmpulaiion bas»ri Massachusetts 
Male Aging Study illii not reveal any dependence oT 
packs per day ur HFrtlme pack-years smoked on re¬ 
ported L-irCtile dysfunction among current smokers 
(Feldman et al. 1994). By comrasi. an Italian trass 
sccllonal study showed an Increased cre<|ilf dysfunc¬ 
tion risk with duration of (he behavior, bused on an 
QR nf 1.6 (S5 perrent Cl. 1.1-2.3) far men smoking 20 
or mot years a nd an OR of 1.2 (95 ]»iimii Cl, 1.0-2.4) 
(or men smikiilR lefts ttari 20 yCars iPHraz.tlnl el al. 
200 D). 

Risk Factor Cnvoriatex and KffVcts of Medlca- 
tlon. Tin! combined effects (i.e., synergistic or addl- 
livc Jnicnictiims) of tlgaretip smoking ami oilrer risk 


Tht Hrz'di Cvrorqurncts Smoking 

factors in the development of erectile dysfunction have 
been analysed. Goldstein and cultpuguns (1984) exam¬ 
ined clinical characteristics in 19 potent pHtlenls who 
underwent jtehii: Imullaliun fur prostate cancer, find¬ 
ing ihat 14 out of 15 who displayed diminished erec¬ 
tile capacity were cigarette smokers, whereas only 1 
out of 4 who preserved erectile capacity was a clga 
irtlp smoker. The strong association of cigarette smok¬ 
ing with erectile impairment in tills study li-d the in¬ 
vestigators ta propose 0 synergistic rok of smoking, 
and conceivably nUit-r vascuInputhlr risk factom. with 
the radlalloii eltnli inadaldJ with radtet Inn-Induced 
erectile dysfunction (Goldstein «■ al. 1984)- In the 
baseline phase uf ihc MassorhusHtsMiite Aging Study, 
Feldman and colleagues (1994) found that cigarette 
.smoking did iKit constitute an independent risk factor 
for erectile dysfunction: however. In that same study, 
the assodatio n of erectil e dysfunction w ith certain risk 
factors was greatly amplified In current cigarette smok¬ 
ers This amplification was ikmonstralfd for persons 
lovingerectile dysfunction with treated heart disease 
(from 21 percent Tor current none>moken: in 56 percent 
for Current Smokers), treated hypertension (from 6.5 
to 20 pcrceni). and untreated arthritis (from 9.4 to 20 

percent), and fur Ukoc persons receiving various mcdl- 
callMU Including CWdiaC drugs Ifrolh 14 lb 41 peicmlj. 
anil hypertensive medications (frutti 7.5 to 21 percent), 
and vasodilators (from 21 to 52percent).Similarly,in 
an Italian cross-sectional Study, smoking lucredml the 
adjusted OR* fnr creed Jr dysfunction associated with 
diabetes by l3ppttrnt anrl wlibhypertension by 39 
percent (Pamzzlnl el al- 2000). 

Effects of Smoking Cessation. The liypollipsls 
that cigarette smoking adversely affects erectile func¬ 
tion would seemingly be slrcnglhcneri by eplHemln- 
loglc evidence demonstrating that smoking crvuidon 
leads ta erectile function recovery. Fuisberg and 
colleagues |1979) presented the case reports of two 
cigarette smokers aged 20 anti 27 years with erectile 
dysfunction wlmsc erectile fund tun returned In con 
r unlartcc with imjTOve.] penile vascular testing results 
fallowing smoking cessation. EUsi and colleagues 
(1964) determined that 6 (40 percent) out of So men 
with ei(xTtiie rly.sfpnctlon who had smoked one to two 
packs of cigarettes per day for at least 15 years recov¬ 
ered functional erections uficr abstaining from cfjjn- 
reue smoking fro six weeks In this study, aeven 
responders (35 percent) were confirmed by objective 
testing criteria to have recovered normal erectile ac¬ 
tivity f/iuri bu-selltre abnormal levels. 
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Population based reports add additional per 

spPCtiVKX lu I bp premise that modifying cigarette 

smoking behavior affects the occurrence of crpciile 
dysfunction. One study In this regard Is I he Vietnam 
experience Study of IB85-1B06. which determined that 
[he prevalence u f crcuile dysfunction emails former 
smokers was comparable to that among nonsmokers, 
and the prevalence rates were significantly lower than 
ihosr round in current smokers (Maruilno ct al 1994). 
Similarly, the longitudinal phase uf the Massachusetts 
Male Aging Study determined that incident erectile 
dysfunction was no more likely among funner smok¬ 
ers than among ponsmokers, In contrast to current 
smokers (Fridman er al 2IKKJJ- Results from the Health 

Professional* Follow up Study also suggest that farmer 
smokers carry a lower risk of erectile dysfunction tlvui 
current Smokers, although ihls risk for former smok¬ 
ers still exceeds tliat of nonsmokers (Bacon et al. 2001). 

From these popular Inn-based Study results, one 
might further conclude I hnt the dixcontlnuatlun Of 
smoking results In a recovery of fund tonal erection 
stouts.- However, this simple conclusion is dialfe-ngcd 
liy recent results from the prospective evaluation of 
mm participating In the Massachusetts Male Aging 
Study who discontinued smoking during the almost 
nine- year follow-up period aT ihls study. This laltir 
analysis found that the covariate-adjusted incidence 
n! erectile dysfunction was not significantly reduced 
afler smoking discontinuation (p =0.28} Important 
consideration; of this Investigation are that the men 
who quit smoking had begun smoking at an tally age 
[memiage iG.CyL-ars) and hud accumulated a high life¬ 
time exposure to tobacco smoke before quitting (mean 
pack-years 39.4), The data provide a refined under¬ 
standing of the effects of cigarette smoking cwullan 
on erectile dysfunction: smoking cessation in middle 
age after a slgnillcani lifetime exposure to cigarette 

smoke may fall to modify erectile dysfunction occur¬ 
rence, because long term vascular effects or smoking 
conceivably persist oiler smoking cessation (Derby et 
al. 2M0b). 

Cllnkal Data 

Thlii section examines tiie link between tobacco 

expAsurc attd erterlte dysfuiwisn bk«d nn objwrtve 
clinical criteria. The erectile dyifunctton specialty has 
developed quantitative measurement* that serve as 
indices of erectile function. Including physiologic and 
on atomic dcsixtpcIcTOXor the physical slate of the pe¬ 
nis, Numerous irtvesllgalluns liave Jp}jllcd IIifSC meth 
odologlm ta asceramth* effretsof Clgaretw t.rrvWJng 
find olhtr forms of tobacco use on penile erection. 


Penile Tumescence Studies 

fvd iurnal penllr uinii^teitu: (NFT) munltorlng 
provlites a nonlitvHSlve diagnostic technique to quan- 
rtfy arkctlon physiology objectively during (he nalu 
rally occurring cycle ol slreji-rrlnreri pimilc erect ions. 
Thwe spnntanenus eplsorlexof lumearatir normally 
accompany rapid eye movement (REM) sleep anil hit 
diminished In men wfih presumably organic erectile 
dysfunction ft^arat?in Hal. 1978', Allen aril fccuillw 
1992). Sever al early Investigations of the objective ba¬ 
sis for vuxcuingciiiL erectile dysfunction applied NFf 
monitoring. Elist and colleagues (1984) confirmed 
NPT nmnUored abiKwivilltie; in 2t] gwatetv.with rrve- 
dlr dysfunction, among whom ^ (35perceni) displayed 
normal kTT^nunliottil results after six weeks c»{ anok- 
lng cessat inn Viregand txilkagues (1985) determined 
that smokers composed 7J pe-.cvnt «Ipatients vdih 
abnormal NFT results but only ag pirant of patients 
with normal MPT results - In a study of 168 men who 
smoked one of more packs per day (heavy smokers) 
and 632 men who smoked Less than w par k per day 
(light smokers), KatacanOnd colleagues (19881 found 
that sleep-retaiftl penile eivrtioti rigidity war-, signifi¬ 
cantly lower at each dread* oflHV after .lOyirm of age 
in heavy smokers compared with light smokers, and 
the duration of maximal tumescence wassl^URcantly 
(ovvvT for heavy srnokvrc sgwl lc» than 3U years and 
51 Ihrnugh 60 year*cornjrared with «gi>-fiju1 valent 
light «wvk« *• In Investigation of R14 smoken with 
erectile dysfunction. HIrshknw117 and colleagues 
(1997) confirmed a significant inverse correlation be¬ 
tween sleep-related penile erection rigidity and the 
number of r.lgarr-l its smoVul per day (r m -6.12: p » 
0.04) These Invi-stlgatnrs ahn shriwed ibat rtu- dura¬ 
tion of maximal tumescenci; whs significantly shorter 
at the penile base (p 30.05), anil (he duration of d*ni- 
mcsconce (which refers so Ihe decline (tom full erec¬ 
tion CO penile Hacddlty) was also shorter (p ^ fl.OB) 
among mess who smoked 40 or more rigaieties per day 
compared with men who smoked 1 to 19 per day and 
20 to 39 pet day (p = 014). 

Penile Vascular Hcittodynamto 

Impaired blood flow to the per as can be assessed 
using various measurement techniques. One widely 
tard early technique lo assess arterial vasmlar com 
petent e within the penis Was the Doppler ultrasound 
of arterial pulsations In the llaecid. unstlmulated or¬ 
gan Although tills method » no longer applied, the 
Findings nft)nKf: sluilim may still lie reb-vant with re¬ 
spect to the pathogenesis of smoking- related vascular 
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disease of th« penis. With the values obtained, the 
pi'iiile-brachlal Index (FBI) can be calculated (the PBl 
refers to the ratio or penile to brachial systolic blood 
pressures). Reduced PBI values have been associated 
with impalrirtenl erectile process (Kernpcxlnskl 
1979). Using thl* technique. Wabrek anil culleagues 
(1983) did not find a significant axxucldllun between 
cigarette smoking and abnormal PBI values. Vlrag tuid 
colleagues (1985) »|<n did nut lind an Independent 
smoking effect on FBI. although a synnglstic t-ffrel was 
observed wiih smoking in combination wilh otiutrar- 
(trial rink far lore such as diabetes, hyperlipidemia, and 
hypi'rinnslan. Jn contrast. Condra and rulleague; 
('9xf,i demon si rated significantly tower PBI values 
among smoker* than aiming nousmokers. This same 
study also nuted dial the amount nf time smoked cor- 
related v»nh abnormal PBI value*: smokers with nor¬ 
mal F’UJ values had sitiokrd for a mean duration of 
19.95 years while those with abnormal FBI values had 
smoked fur a ■mnilliraljungf 26,55 years DcPalnut 
and colleagues (1987) likewise found that cigarette 
smoking lurried a significantly higher probability of 
abnormal («9 percent) than normal (28 percent) vus- 
culix liibnrutnry findings Including PBI. which was nut 
observed for age. hypertension, diabetes, or prior 
inyiitiurdial infarction. I [irshkowitz and collraguits 
(19SJ) confirmed corelsteril FBI reductions among 3|4 
cigarelic smokers with rrCctlte dysfunction, finding 
significant rurri'lHiiom between tlae number of ciga 
rears sriudurd per day end Ihe magnitude nr these xe- 
cluriliinx far the kh dorsal artery (r - -O.I4:p • 0.01) 
ami right cnverncisal artery (r - -0.1 3; p = 0.03) of 
the perils. 

The vascular evaluation of the penis Ins marc 
recently employed u pliHmiacolugir stimulus in com- 
bination with penile duplex iiiTrawnogT^phy to char- 
jciitIzi! i he penile arteries. This application lcillowe.il 
the- dlscuvciy lhal a piwrmacak)glc stimulus lo Induce 
an artificial emrllnn provides ail Improved asvtsinrnl 
or tfie jihyimloglt: responsive ncs» of these arterlex over 
thal provided during the resting.slate (Abber iti al. 
IDS#). L'stng this technique and applying* combined 
«tt ot iilrrattnnographlc pariimptitrs to establish nor¬ 
mal vascular findings Shubsigh andruliengiies (]9B1) 
showed a consistent., nt-arly situlstiraily signlflrftnt 
difference in vascular impairmcnr in smoker; com¬ 
pared with no ns makers Kadloglu Hurt colleague; 
(1995) also obsKivctl that penllo vascular parameters 
watt Jhiwmal 16 a greutcr extern amu% anutm lhan 
aiming ixiusmokers, slrfiough tlie iliFn iim wen; not 
sUlritimlly stgnlflcani. 


In summary PBT testing Suggests deleterious ef¬ 
fects of smoking on ificr ’resting s'me" circulation ol 
the pm Is. a nd sonographic evaluation of the penis fol 
lowing ptarmacoctlmulalion additionally demon¬ 
strates apparent deleterious dTini of smoking on cly- 
ftkttiic biaod flow dianges In Ihe peris. 

Penile Vascular Morphology 

Arierlogr&phlc studies havL- been conducted in 
patients with erectile dysFunction to cliaraelerlxe ibe 
vascular anatomy of tin: penis. Investigations have 
been carried out among cigar rile smokers to confirm 
ihe presence and locution of ariertograpluc lesions. 
Viiag and toilmgun; [1985) calculated a 67.3 percent 
rate of H rcenrgra phic apnor mailtlcs among patlunts in 
whom organic cntctiie dysfunction had been estab¬ 
lished byNPT mafiiiDtiig. of whom BS percent woe 
smokers, fciihrcre and colleagues (l98fl) similarly 
showed tliat 82 percent of their patient group wfih 
arteTiogTaphlcs\Vy proven periphaia) BftciItiscirroLic 
lesions were heavy smokers In h study by F<>rsberg 
and colleague; (1989), men whhi^ectltc dysfunction 
undeiwent screening studies uf penile blond flow to 
identify abnormalities. Uvlngbnlh pharmacu;timu- 
iHlion and angiography In 17 men. this study found 
Significant dtital penile vessel !es9srw. \4 (82 peictfit) 
of the men were identified as smokers. Rosen and irol- 
tcajftie?, (1&9U carried out a corepreheiwive evaluation 
of jif-nlle circulation In clgaiCUC smokers wllherectllf 
dyafutwtion, finuitiR that sinvkliig repreaxnicd u alg- 
niDca hi Independent risk factor In the development 
of uhrcnsclprotic lesions hi the Internal pudendal and 
common penile arteries. These inveulgators also de- 
textttlniyl that the numlwt of pock-years smoked was 
independently a saoiiatrri wlihhemodynamkailyslg- 
rrlfuwi M her tree lero tic disease Inthe hypogahtriL cav 
emnus arterial bed supplying the penis [fur each 10 
pack-years wnoked. RR - t.i! |95 nvrcml C.I, V05 
l«4f). 

fflstojwsthoJogK 

The vITcct sof clgarrrte smoking on erectile tis¬ 
sue were InveMlgsH by Mersdorf and colleague; 
(1991). tvhncunflrmwJ degenerative tissue change (in¬ 
cluding a decrease In smootti muiclc tufuint. sinusoi¬ 
dal endothelium, nerve fibers, and capillaries and an 
increase Jn collagen rtamlty] In erectile tissue of smok¬ 
ers. These tissue alleraiInns are consistent with tissue 
alterations seen in oilier vascular diseases. 
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Experimental Data 

This sec I Inn reviews experiments carried out to 
lest the effects of cigarette smoking on erectile func¬ 
tion (Table 6.26). Thuse experimental ujiptimcte con¬ 
trolled rignrotie smnkjjig exptKuftN and jnpvlded Ihe 
possibility for a rigorous evaluation of the conse- 
quena's Tor erMtlle ability. The value of (he informs 
lion was enhanced when experiments Invotvi-d robust 
srientlfle roerhodology (c.g.. 0 random allocation or 
penjdeti) exjiertmHnlal and <r>ntrol groups, die use nf 
different mulnjI group;. and the application nfblird- 
lng prvesdurtrs tu reduce bias). 

)Ionian Studies 

perhaps the fine reparsed study to experimen¬ 
tally evaluate the hypothesized association between 
cigarette smoking and erectile dysfunction was per¬ 
formed by Gilbert and colleagues (1986). who made 
polygraphs raurdin&c of penile ereeiiiin 1^1011*1 In 

smokers during the viewing of erotic vldecs. Several 

aspects of (his study arc noteworthy: (l) the study 
population consisted of *2 male self-rejinrtetl hetero¬ 
sexual cigarette smoker* In gnod health, Xgpri 18 
Ihruugti 44 years, 12) participants were assigned TO 
high-fili tuinu pxp<curp (0.9 mg nicotine per cigarette 
smoked), low-nkotlne exposure ID.002 rug nitotint- per 
cigarette smoked!. or control [sucking on a iiord mint 
candy) groups randomly selected arul unknown to the 
experimenter: (3) at enrollment, a eounlerdumond im 
Issued lo the t-ITeCt lhal nicotine enhanced sexual pa¬ 
tency, to militate againsil contntnlnatIng hy[>olhoses 
held by die partfdjanu about the effects of smoking 
on ereritons; (4) smoking aftsimtlon was required for 
two hmirs before the expci Imem: (5) ItaselinecTDIlL- 
ttttao* were shown for participant acclimation: and 
(6) cuncomltam mciuurts of card to vascular response 
wen- obtained. TT»i! study found that smrAlng two. but 
not one, hlgh-nfcuiine cigareiteA significantly de¬ 
creased the rale of penile diameter Increase compared 
with |lw oilier randitions during the ertetile stimulus 
(p < 9.001). It aiw? determined that hlgh-nlcorine ciga¬ 
rettes caused slgnlflGintly more vasocumiricilon end 
hearl rate increase Hum did low-nicullne clguroiiui, 
which did ndt differ froJn control conditions (jj < 0.1)01). 

In anutlier experiment undertaken In assess the 
acute effects of cigarette smoking eKpnsum m» pmile 
eiectlnn, Cllna end colleague; (I9BB) studied iIir lu- 
lurference nf smnklngon vasoactive drug-induced 
erectile rps(K>r»e> rnonfiored bv in trace vernuus pres¬ 
sure recording Study design feature; were as fellows: 
(1) 12 chronic cigarrtre (imokrrj. nged Z2 through 65 
years, were unrolled; (2) subjecth-ely reported erectile 


fjnettn ii stains of rhe participants at enrollment was 
nal stated. (3) anwhlng was prohibited on tm days, 
(I) each participant underwent pharmacosUrnulailon 
consisting of lot ra. ivertibu; IrticctlCrtof lOOcttgpa- 
|iaverine hydrochloride at baseline (without smoking) 

and one week taler Irnrncdlately after nicotine expo¬ 
sure (smoking (wo cigarette; containing 1.3 mg nico¬ 
tine per cigarette): arid (5) intcacovetnous pr«i%utc 
mcasui t-mciiis wt-ie performed 20 minutes following 
|iliutaacailLRUilii.la>i lij dir miik ttxyertnirulct.The 
study found that all men obtained an creedon by cilnl- 
ral judgment ai hasrllr.e compared with only lour (3 s 
percent) after smoking, corresponding to a significant 
decrease In mean IrUriKavcmuus pressures Crutfi B5.83 
run Hg M baseline to 53.50 mm J Ig after Smoking. As 
part of an cutlet, larger investigate n of the use of pa¬ 
paverine injection; tn lest diagnoxtically fur erectile 
dysfunction. Abber and Colleagues (1986) described a 
slrlilar experiment involving u ihrtxiicsnmker with 
rrttlllf dysfunclinn who dtspiavod an acutely wors¬ 
ened erectile response immediately following smok¬ 
ing a cigarette compared with Ills bavi’llnc resulis. 

In a visual depiction of the effect; of cigarette 
srnuking im arterial flow to the penis. Levine and 
Gerber (1980) described their pelvtc artnriographir 
study of a 38-year-old man with e 25 pack-per-ycar 
smoking hlsitiry wiio pritsciutid rorrrtCiliuiiinn of entc- 
llle dysfuiiclinn. Whtnasa cumpfele bavdlra: evalua¬ 
tion Including pelvic arterlographir studies showed 
noubnormalii les. repeat pelvic arteriography lmmc- 
flmiely afler the patient smoked two flgaretres rcveaferl 
a decrease ip the caliber pi (h« entirv pudcndBi Artery 
and non visualization uf liter deep pent It: artery. The 
Inveaigators suggested that acute vasospasm was in- 
iparaihlt for tin- rilnerveil effcclx 

Fui'tlKirekin-rliiH-nthl evidence nf the deleferiou; 
effects ofcigannte smoking on erectile function was 
recently documented in an acute smokingccs;atlon 
study by Uuuy and associates (1998) Ten men. .12 tn 
62 years of age who had at least a current 3(1 [wk -ymr 
smoking Ii L-itiu y an<J wri t smoking one pack of ciga¬ 
rettes ur mure per (toy. were enrolled In a study mnni- 

luritig NPT and rigidity by a home RigtSran’rerh- 
nlque. TTie i tudy reqtilrerl moot toring of sleep-relatrd 
(K-ndr ererthru cm |wo vji iessive night; the flrsl night 
follnwlnga usual day of smoking and the second night 
fiilluwtngdltcunXnuatlnn nfsmnklng for nne Z4-how 
interval. An uddtttunnl componenl of the study In¬ 
volved repent monitoring in four men who did nol 
stnokt- for ixir. cncrnJ ulrhuugti they wcrearlrrunlsiered 

trunsdl-iTIva) nicotine patches (£l rng) during lhu> time. 

Tlicstudy nikults diuw ilixt erwiife parameters im- 
proved io a statistically significant degree In men who 
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Ciltwit c» at. 42 smokers Handomized Visual Mjttial 

1986 agpd 18-44 controlled trial stimulation 


1 ligh rikodnc cigarettes reduced 

the amount of |>enllc ihnmHer 


•I"" lie s-avernou* nerve Llgareae smoke inhalation did 

experiment electrostimulation nut alter treakin panuneten 


hid stopped unoklriR rttr 24 hours, with further ob- 
srrved Improvements In those not smoking and wt»r- 
Ing nli udnt' patches for one month. The InvCT-tigmcir* 
concluded that dlmliuttingdguctli: smoking Im¬ 
proves erectile function although fatton* contained in 
‘ igar**!e smoke other than nicotine primarily earn the 
Lfamugjng efTprts. 


Animal models have provided another useful 
approach for investigating ihe association between 
ngareiip smoking and erectile dysfunction. Tliu study 
by juerwnvinn and colleagues 01387} using an In vivo 
canine model represents a comprehensive, wcll- 
irontrulled Investigation that combined stimulatory 
and monitoring techniques relevant io tlie physiology 
ol erection.The methodology' involved mnnltoringar¬ 
terial Inflow, ItMtaca vet nun; prp^^rr. arid VCnOUS 
Out flow of (he penis during caVumuuK nerve stimula¬ 
tion of caution alone, and with regulated penile per¬ 
fusion before and after acute Inhalation of rlgarclce 
smoke (1.4 mg nicotine |ier d ga relte) Following smok¬ 
ing exposure (one i<» si* cigarettes), compared with 


nunsrrwking baseline condltloiis. peak arterial Inflow 
wm significantly diminished, peak Intracavernous 
pressure was significantly diminished and could not 
be maintained, and venous outflow was not signifi¬ 
cantly restricted Measurable serum nicotine and 
cut I rune levels, obtained Intherings followingsmoh 
ing exposure and used as markers, were consistent 
with concern rations found In human smokers, whereas 
no changes in arterial blnod R4’P5 or systemic blood 
pressure were observed throughout the investigation. 
The Investigators concluded that smoking extra a lo¬ 
calized deleterious effect on the neurovascular mecha¬ 
nism* required for penile erection, with a particular 
impairment iifthe venc-occlusive mechanism assocl 
atrrt with maintenance pf penile erections. 

In a rat model. Xle and colleagues (1S97) evalu¬ 
ated Ihe lorig-term effects Of cigdi cue smoking an pe¬ 
nile erection. The me thud cilogv tnvolvul monitoring 
In vivo ncurostlmulxted erections after e*[majiig rats 
to a constant Influx of clgamt let-moke in an enclosed 
cage for a 60-minute session once per day. five days 
per W«k, (or eight wee hi, The invc.rilgalinn surpris¬ 
ingly found increase* In intracavemijus pressures In 


smoke-exposed rats compared with controls. However, 
the rets exposed to cigarette smoke also developed 
systemic hypertension. Intracavernous priissuirx stan¬ 
dardized to systemic blood pressures in rata exposed 
ra cigarette smoke did not differ from Intracavernous 
pressures fiiutui In couAroIs. The Invcttigaioss ex 
plained their findings on the basis of tobacco smoke- 
a-Woel*tprl vusomnslricllon. and they conceded llial 
vascular damage commonly a-&ndflt«i with In ng term 
dgarette smoking Is Inappreciable In ike rat model, 
which is resistant to atherosclerosis. 


Evidence Synthesis 

Available evtdwwe Indicates that rigore-ue smok¬ 
ing consttcute* « risk factor for erectile dysfunction 

However, the causnl bast* for this relationship must 
be carefully evaluated. With reganl in rhe consistency 

of Ihe relationship, both case series and population- 

b*4*d studies evaluating rates &f erectile dyafuwiinn 
among smokers provide support. The papulaHon- 
based uudles afford a more occurs! r> observational 
basis for this assessment chan do uncontrolled case 
series, although the paucity of these studies hampers 
reaching a definitive conclusion The strength of rj>; 
relationship also costs on limited available informa¬ 
tion, but is similarly supported by observattoml 

evident* showing tlul a vprii-ly of lubuCCO exposure* 
(including active and passive cigarette smoking and 
cigar smoking] Is associated with erectile dysfunrtion. 
Consideration of a dose-response relationship issup- 
pDitr-riby a few observational and experimental In- 

vikI (gallons tltal have? shown an Increased risk or erec¬ 
tile dysfunction associated with increased exposures 
lo cigar cite smoking. The temporal! iy of the relation¬ 
ship stttiru Hlluly, \Vilh a few nhittvillAtHl Studies 
showing some evidence of erectile dysfunction follow 
Ing exposure to tobacco smoke. Intrtgulngly. prellml 
racy observational flsvllngssiemore-tiaLe '.hat cigarette 
smoking cessation ppparenrlv leads to a recovery of 
erectile function only if the dtscontlnuaHonocrvirs af- 
ler a limlled extent iffKfellme smoking 

Coherence or the relationship is supported by 
several biologic studies that have proposed plausible 
mechanisms: for the deleterious effects of cigarette 
smoking on erections. The acute J rleterlous i fleets of 
smukingofi erectile function result at least in pan from 


nicotine carried In cigarette smoke. Tim nicotine 
pluinnacolugically induces vasospasm of penile arter¬ 
ies, and hence alters the dynamics of load blood flow 
required lor penile erection. The chronic deleterious 
effects of smoking on erectile function result fmm im¬ 
paired vascular pftyRUilcigy of (tv? erectile tlscuu. as 
evidenced by degenerative morphologic chanyi^* in 
tissue of smokers. Allhmtgh Ihp exai:l mechanism of 
the Impairment remains unclear, early studies in ani¬ 
mals point to damaging clTeets on llssue-dependeni 
erection regulatory facturs. In sum. several lines of 
evidence contribute toward the Inference of a causal 
relationship between cigarette smoking and erectile 
dysfunction. However, because tfto scope nf ohserva- 
rinna] end experimental evidence remafn 1 - limited and 
Incomplete. U seem* reasonable io consider tf«r evi¬ 
dence lobe suggestive but InsuRlcient to establish a 
caudal relaiiuirshlp at this time. 


I. Tlie evidence Is SUggeSlIve but nen sufficient to 
infer b ratt-al relaLlonshlp iNrcwcen smoking and 
ereclile dysfurn:Hon. 


The clinical studies ard basic wlenriflc research 
summarized In this section suggest «lehllonsWp he- 
twean cigarette smoking arid erectile d>’sfunctton. A 
strong Inference lltat smoking causes erectile dysluiK- 
rion requires more evidence to confirm In llial findings 
and ro fill in gajiK in the knowledge base. Additional 
observational Studies ol sufficient size and with well- 
validated outcome measures are needed- More basic 
scientific studies co Identity biologic mechanism* foe 
ihe deleterious effects of smoking on penile erections 
also are necessary. In the meantime, current knowl¬ 
edge ahuui ihe problem bill! prompts recommenda¬ 
tions fur smoking cessation and avoidance to limit, the 
risk of cr write dysfunction. Promoting nonsmoking to 
I trev ml erectile dys lunctror r seems clinically approp ri- 
ate. There may be significant public health benefits by 
reducing morbidity rains of this increasingly revog- 
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Diseases of tire visual system, and possible sub 
sequent visun] lo**, represent substantial social and 
et onomic concerns to the U.S. public, [n tire lost Ihcer 
< I reach's. Callup polls have rronslMenlly Indicated that 
blindness is second only to mental incapacity as the 
disability Americans fear mosi (NaUintal AdvLrtiry Ey? 
Council (NAECJ199E). Tin™ 1* ample Teason for con¬ 
cern. An ntimoltid 3.4 million Americans aged 40 ifars 
and older liave visual Impairment and I million of 
these j ample an? legally blind. Because most vision lost 
result* from eye disease associated with advancing 
age. and the 'baby bourn' ptipulnllou In tJie United 
States Is aging, the public health Imjract of this prob¬ 
lem is projected to double by 2030 (Prevent Blindness 

America 2M2). 

The economic consequences uf eyw disease for 
ihe U.S. population art? huge. For example, sight- 
restoring catar act Surgery w» [he junsl frequently 
pevforswvd suigiral procedurt! among Med Irate ben¬ 
eficiaries. at an tstimali-d annual cent of (.! i hllilon In 
1991 ISldnbcrgetal. 1933). Altogether, ihecmnorilc 
Impact of visual dlsubilhlc* and disorders was esti¬ 
mated at more Ilian S3S.4 billion in t935 (NABC 1998) 
Thui.substaniial conit Ibuilina lu ihoxtrlal and eco¬ 
nomic welfare of the puMIc ore jKK*iblu hy fttrdlng and 

controlling the causes ijT lhf\n eye riisnases. fienittii- 
larly the factors dial present the opportunity to pre¬ 
vent the dt5c*isic or loss nf sight 


Cartel us Jans of Previous Surgeon 

Onea-al's Reports 

Tpltlemluloglt: invvsilgation Into risk factors far 
eye disease did mil begin in earnest until the lf)7(fe, 
Ixrlstered by the establishment of the National Eye l«- 
*1 Mute (NIil) in 1968 Reports of the Surgeon Grneral 
tm smoking and health published Iwfbrt- 2001 did not 
Include eye disease as a topic simply benauu- there 
were scant dam indicating that sinokirtg was related 
in ocular morbidity, although u comjw'jhng biologic 
bails did cxisi for ptMtuluilngsuchsssochillans. Ai 
least [Wo oT the three leading causes ot visual loss 
world wide, cuiurari Hnd age re Is wd msculsr degso 
oration (AMD), probably tur due, at least In part, lo 
smoking. 


Cal&f set is tiis leading caiiM of blindness world¬ 
wide and a leading cause of visual leas In lire (Jnlied 
Slate* (Thylefors et al. 1S95:Mu/ki/ el al. 20Wi). Cur¬ 
rently. the most common and effective means of re- 
sioring vision is tlmrugli surgical ncmcrval of ihe opwV 
fled lens end insprUott of «n aniRclal Tens into Uie eye. 
According lu NEf. ahoui 1,35 million cataract opera- 
linns are perfnrmpd annually in the United Statu* for 
Medicare beneficiaries iTVAEC 1996), at ait estimated 
cost of ST4 billion in 1991 (Sn-lnberg et al. 1993) 2f 
risk factors chat richer delay the onset or slow the j>ro- 
Kresslcn of cataracts could be identified, major snclo- 
pcoruJTTik gains would be realized THf rrrv^trJi find¬ 
ings that link cigarette smoking lo uiiaraul, sprcifically 
nuclear caiaraa, havu Idcmlfied one uf the Tew modi¬ 
fiable risk faclur* Tar caturnrt. 

The oenlof lent lx a norm ally lra«pu«r( organ 
having a purely opt list fund tun. The lens, sllualed 
behind lire pupil, focuses radl tm energy on the re tins 
to produce an image, much like the lens of a lamprs. 
The shape of Lhr- lens rhartges. or accommodates. In 
response to live dbiutre. uf rive viewed ntyett to focus 
a Sharp Image unto the retina. 

The transparency or Ihe lens is a function of la 
peculiar characteristics. The lens iiinlf I* comjxjsed of 
a coiirral curt, nr nucleus, of inert protein-filled, former 
epithelial cells. Tlu- interior proteins err highly struc¬ 
tured to ensure rramparency. The lens grows by ihe 
coRsUntt addHIanof proteln-fUfod. elongated, former 
r-pllhellel cells that have differentiated into lens fibers 
I hoc dr- no I have^ nucleus or other urgnndlt'-x. Of Jn- 
teresl in this process Is that the lens rontulns evnry fl- 
hercull ever Incorporuux) Into it. Including cells fnmiwl 
in the embryo stage through Dune (nnrod very re¬ 
cently. These cells mis! maintain transparency 
ilrmuf^mut the life of an Individual CO ensure visual 
clarity, yet this central core is metabolkally Inert and 
cannot renew Itself Thu', the central lens lx severely 
reslrirled In its abtUiy co repair damage. The ottlcr- 
mcsl byerofthe lens Is com paced of a layer of epithe¬ 
lial cells, which ore responsible for most ul the meta¬ 
bolic artlvlly of ihe lens These cells are tin- source of 
new cell*, fis ihe old cells dllferentluie Ituu fiber cells 
and Hre displaced toward the nucleus. These nriwtsi 
Ion* liber* mnkp up the lens cortex, whichsurTOuuda 
ttreiMcIcur. 


The loss of lens transparency Is termed Jens operc 
Ity. inrt lens opacifiesi Ion Iwcamr.s incrcaxlngly «rm- 

niurt witliadvancing age. When Hit.- opacity become* 
sufflrirntly dense or extensive nr truth so ss to Inter- 
A-re with vtsum, ihe lens ojmelly is called ■ oiaracr 
Tlrere are (hn-e maJji types of lens opacity ur calaracl, 
which are distinct in terms of risk factors, location In 
the lens, and epidemiologic pallurn: nuclear, cortical, 
and posicrlur subcapiular lens upaclly (West end 
Valmadrid 1995). Tlx: different tyjie* of opacities also 
CJm ocrttir (ogelher In Ihe lens, resulting In a ‘mixed 1 

The frequency of each type nf lens opacity I n the 
population Increases with a^e and varies by racial or 
ethnic group. Inane population-based Study of 2.520 
older Americans (West et al. 199S]. aged 65 co69 yean. 
32 percent uf whites I tad nuclear. II perCcnl had ctntl- 
cal, and 8 percent had puxterhir subraps ulxr rniaraii 
in at trust one eye; comparable figures for African 
At until is were 20 j-ercenl. 42 percent, and 4 pereertt, 
respectively. At Insist 4 percent of the study p&rtJripajtcs 
In that Bgegmnp had undergone ciurnrl surgery as 


Several hypoihmes have bi-en advanced to ex¬ 
plain a possible association of smoking and cataract. 
Given the pleihora uf ntumtlc rrnnpoutuls and trace 
meials lr rjgarerxe smnke that are capable of damag¬ 
ing lens proteins. It Is difficult: to know which mecha¬ 
nism is likely l*r be the most Important Hording (1995) 
has postulated that cadmium, lead, thiocyanate, and 
aldehydes from cigarette smoke lead to lens damage. 
Investigators analyzing blood and lenses from 
cataract surgery pqticsuv. Jiave shown ac¬ 

cumulation* of cadmium lu the blood and ienvsof 

smokers compared with lenses of nonsmolcers. with 

cadmium In Imres proportional to thr amount smoked 
(RamabriShnAh Mai. 1995; Cekk 1996). 

Harding 09911 also has suggested that the dam¬ 
age co the lens may be from thiocyanate, which can 
cause eaibamylatlon of a-ystalHns (fori* pmlejrt;] and 
enzymes. Smokers do lrave elevated (hfocyankln lev¬ 
els In (heh blood hui fovsls In lenses have net been 
measured. 

Olhera xugge.d llutr smoking may cause calaraci 
lltrough an indirect route, by lowering MUlcxIdintS 
(Tjvluf el al. 1995). Howfvl-t. Ihe role of umlc.Tcidants 
In pruiccting agulnsl lataractngenr.vls still la caniro- 
verslol. Few -.tudfo* havr determined rhe le*-eJ nf anti¬ 
oxidants in tire lens and the relallotuihip Ix-twem lens 
level* and Wood or serum levels. One of the better 


studied antioxidants is vitamin C. which appears to 
bv mnee uinticd in the lens, and or alar level* tjT vita- 
min C ore sensitive lo plarutui levels uf this vitamin 
(Tuylirr el al. 1997). A review of riiSeaicIl linking vita- 
min C and cataract found studies that rc|KM-trd a pro¬ 
tective effect vt vitamin C. an Increased risk with se¬ 
rum levels Of Vitamin C, and no association at all: the 
conflicting results do not provide evidence of an asso- 
ridlian (West hjicI Valmadrid 19951. [ft ont? study, smek- 
crarnmpHred wlih nonsmoker* hud loweraerurn val¬ 
ues of vitamin C. and in another, both smokers and 
nonsmokers had similar blood and lens levels of vita¬ 
min C (Kailncr et al. l98|; ftamakrlshnan el al. 1995). 
At present, the arr.iusldam pathway for lens damage 
from smoking requires mure coi roboral Ivc rvstiarch. 


Tile nrlevanl article* fur I his wdlaii un eye dis¬ 
eases were identified initially through a search in 
I'ubMcd fiam 1966 through 2Q0C by using the follow¬ 
ing search terms: "jem opacityZ 1 ‘cataract/ 'lens.' 
'nuclear lens opacity/ ‘cortical lens opacity/ "poste¬ 
rior sub*apsu!ar len* op telly." "age-related macular 
degeneration." 'senile macular degeneration/ 'age 
related maculopathy/ “choroidal neovascularization." 
“diuscn." "geographic atrophy," 'atrophic macular 
degeneration,' 'diabetic retinopathy.' 'diabetic eye 

disease/ 'glaucoma/ "IntraKular pressure/ ‘Graves' 
ophthalmopathy.' "chyroliJopathy/ "eye pathology." 
and “ey« disease/ These terms were searched with 
the Boolean operator “and" full owed by the terms 
u cigarette, ’ ‘"f.mcJdng," and tuliatru ‘ in appropriate 
combl/iatioio. All articlr* wm revmwed, and their 
bibliographies were reviewed for relevant ard-des not 
wptur?ii by lire search strategy . The find sslttUen of 
articles for citation In this section was made In consid¬ 
eration of the adequacy of the research m review utxl 
the relevance to the topic. The selection rtf eye disease* 
for review was based on the public health Importance 
of the disease and the availability of research relevant 
Lu an association with smnklng 

Several key mclhodqloglc (jsuci should he ad¬ 
dressed in any research on risk factors for cataract. 
First, there are different types of cataract, with largely 
unique risk factor* for each type. Early research on risk 
factors often did not differentiate cataract type, mak¬ 
ing Interpretation difficult because She mix of cataract 
types was unknown. For example, a surgical series of 
cataract par lent* is likely tn he heavily weighted for 
jxjslerior subcapsular cataract, whereas a population- 
based *ertes will have Tew posterior Subrapsu- 
iar cataract cases. Suigtcal notes, or ophthalmologist 
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77ie He»rrh rons*qn«v*s of Smoking 

Crilraet Wuexxmenl 

Results 


No lypp specified; surgical cases 

Heavy smoking was twtee us common in eases 

no dxca »w reported; i imfnumllng was not 

ad dn-.-j-il 

. 

■ v.* I.M \l.H,.l Ml :/r.M V ,ii-j cliara.i- r+,— i| 


lie.- mi -I:in,; i ■|.» i. v-.'i v. ' issociated 
ifc ;l -.I (i.ic.1 >h :n;h.(. r. 1 1.. 3.67): 

’ "•! •' :r . ,:i ;‘J - 1 ■ - 

...■■.' •- 





Pt- i i;i .i. h-. I'or nuclear, cortical, and 
jic-.'-r ■>■ 'ii -apsularopacities; 

Wilmer grading system used 

V*' .cars and risk ornuclcoropacliles. p *.0.004 
(too few posterior subcapsular opacities io ana¬ 
lyze): risk declined if participants hail snipped 
smoking fur 210 y rnjv udjiutcd for age and 
gender 

I'h..'- gi.i| li.fc- mu b ar ■ -n ixw|.end 

Ni* . urrfiv 

Self-report Ed development ofcxnai, i .•- 

medical records lor date ol dlagnp*<* 
date of extraction, lype. and loss < . 1 .ion 

?Oi iciiml vuukelnui uay. Kti 1 m 

11* fornudear 05% i. 1 1 47-3.11) and 3.17 (95% 

1 1 1 81-5.53) ror pML. Subcapsular cataracts; 

. there wax ik> a.vKx:latiuu with <20 cigarettes/day; 
former smokers had no Increased risk of nuclear 
or posterior subcapsular cataracts; adjusted for 
confounders 
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Study 

Population 

Design 

Avuidation found 

1iunkinsonet«|. (892 

50,R2fl female minus, 
without wlf-repurlcii 
caierarisat baseline 

Approximately ft-ye*r 
pruspeedve 




W.-sl 11% 

444 m lie I'.li. 1-n Willi 
photograptis 5 years apart 

a-year prosi-'' : • 1 or made"' 
and progression 

<*iiriiriiug 11- - . M.r-hrll 
! 597 

■ l : - ;«■*-. s--n-lia-n:l 

i'.}f*i4 a.lnl". 

. 

Hitler n al. lift}} 

btn> tupmhersoi 

Framingham Eye Study 
with no leivi nfiHrllluA 

l£.a-VL*al pJuSptruiivK 

L*-4.-e vl I:i-:k 


1 ; . :.r jn rytl-.:, 

Ltd iAAl cl ill- 2000 

JJ.Oji L.L..V ^.Liy^ll_UltL 

with Mo calarnri s al 
baseline 

l' ''-I pltliJ.'.'J 1 . 

7a< Capra- k 


■ffc* fMVtft CnrWajLjfjKtSof Snwkittff 

| Cataract ssse^n-prtt 

Results 



Srlf-repnripd cataract extractions. 

Smokers of G5 paclc-yefirs had Increased risks for 

medical records for type 

nuclear cataracts, RR - 1.79 (95% Cl, 083-3.S8). 


nnd puslcrlur subcapsular rnlararts. RR - 2^9 



g. 4 S re ,r -..-/rurTPnt ccrs. few COStS 


ol nuidrar calurai n™ vnnkm had 1U1 


increased risk un ty had smoke 15 

\u'-* rr T? ."j ■V, .i"’, 

cigar ' /da\ ” <trd fb 'oi 


OI> . . 

■I-.-.-}. .u U.-.ln; i.r U'-Trfjiindors ' 

i-norographs lor nuclear, co i <■ i.. .■ id 

. - , . 1-ri 


posterior subcapsular- opoc: - . 



Wilmer grading system used 


•11. I- 1-nn '.'■•ai sniukmg. OK « MB 


(95'" 
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posterior subtL.pM_.j • 

ill- rl- -. nn 

l-ir opachy. UR - 1 68 (95% Cl. 

Wilmer grading system u; • • < 

114' 'Hi 

•• ■'- as heavy smoking. OR = 2.37 


' i 

■' - 93): foimer smokers (but could be 


mil'll Mu 

vi is) had an Increased risk nfiiviHenr 


ini' r ,r • 

| . OR - 2.02 (95% Cl, 1.14-3.57); 
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records with dates of dlagnusb and extraction. 

hype not specific ' i -mpari*: c. d-. -urr-nt 

and loss of vision (type not specified) 

smokers, and a lov.ii ilsk uf i&.anti ', xuiocry. 


ad)usllng ft 

r number of elgarr •* ■ smoked and 


Other cmifu 

jrulers, RR = f).7B !'. S Cl. A67-9A2) 
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Table (.87 Continued 


5tudy 

Population 

Design 

Nn B«nclBllcn found 

UochDwet al. t0fi9 

Posterior .siihrHpsular 
'f'sn^i.nnsn.l Mir'TT-h 

Case-concrul 




MbftbhHJ |L3» 

I.*4i ; ,i.i-ii..- m India with 

CltarM. -tDconlmb. 

Lase-tmurcit 


Epidemiologic Evidence 

Two mediodtiloglc Issues add to the complexity 
Ol assessing tht icladonshlp between AMD are} vmolt¬ 
ing. The first Issue U lhai advanced, or severe. AMD 
mostly occurs in llic very uid. About 7 percent nf i|y 
while population aged 75 yearaand older will have 
advanced AMD IKlelnel al. 1992], The second Issue li 
that LlTe expectancy of smokers is less than <hs» of non 
smnkei*. sn seUcUVfr IlifVlVSl Of *iW>fc«S » «vcnde- 
valop AMD Is nn issue. Together, the relatively low 
Incidence of AMD and the low prevalence of smoking 
in very elderly populations diminish the power to de¬ 
tect associations in nil hut Hie lwg«J Mini lev which Is 
evificni 111 Che population-baaed studies of AMD that 
have low numbers of cam nf severe AMD. 

One Way III cinninivuril llm prublum Is to Study 
live associattaii of smoking In precursor lesions or early 
AMD: however, there Is no uniform agreement on the 
clinical signs uf early AMD Many of the slgiK cur¬ 
rently in unbare common In the population auduni 
be iu moublr as to be almost unInformative about 
whn win develop advanced AMD. Data are accumu¬ 
lating on predictors of advanced AMD. chc presence 
of very large drusen. and the retinal urea covered by 
drusen. In part, the riiTflmliy uf riaiwmlnlng the 
relevant coily signs may be due to the limitations ol 
photographic Jyxtcin* to del eel suck cluiiigiLs In. for 
example. Bruch's membrane; for research purposes, 
however, no alternative detection systems are avail¬ 
able foT accurately duli-tling curly changes 

With these caveats In mind, the research findings 
to date suggEii a strong likelihood that smoking Is 
related (.«> advanced or severe AMD. particularly 


exudative AMD. but ibm is Mitnl eviihxiirc diet smok¬ 
ing Is related to the apimreut early signs of AMD {Table 
6.28). Quit cruss-sectional, population-hasrd study 
(Smith H al. 1996) found Inrrpaspri odds of parly AMD 
among smokers compared with nonsmokers (OR - 
1.89 |95 percent C). 1.25 2.B4]). However, two others, 
using Identical grading methods, found no increaiptl 
odds (Klein ct *1 1993c; Delcourt et al. 199B). In an¬ 
other cross-sec liana] survey nf fishermen who Were 
heavy smokers, a pnrailuxical pmin tive effect was 
scon for smoking and ihe txfdx nf early AMD. (mma- 
rlly cases of moderate drusen {West el h). l9R9h). A 
prospective « hart study of the risk of developing *ady 
signs of AMD found an increased risk of developing 
large fc>2Sf) |im) drusen among smokers compared with 
lifetime non smokers; the RR was 3 21 195 pcrctm Cl. 
1 Oft 9.45) among men and 2.20 (95 percent Cl. 1.04- 
1-6$) among women. No oilier early sign was assnei 
alcd wltli smoking (Klein rt al. I99D). The lark nf asso¬ 
ciation with presumed parly AMD may be duo f& the 
Imprecision of the signs rhoseri Iii re|]rpw!rit parly 
AMD. thus biasing the results lownrri Ihe null. Fur¬ 
ther wurk on improving this classification Is war¬ 
ranted. Ii Is also possible that smoking is related to 
progression of AMD to the exudative form but not lu 
the onset or early ledum. 

Dander difference* appeal In ihe findings as well. 
Inonc case control siudvnf severe AMD (he relatlnn- 
ship with smoking was ubsn ved In inwtonly (Hyman 
etal. 1963). In one prutprillvt- ixitinrl sliuiy In a jxjpu- 
iation having primarily early AMD. progression of 
AMD among smokers was nhxerv'pd with a dosc- 
t* spouse pallem only among men (Klein Ct at. I99R) 
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Cllnlcol i’*«n/ Current smoking was assocl 

patient report of ated with incident* of syrap- 

Houlile vision tomatic ophthalmopathy, 

(diplopia) anil OR * 1? 1.1-' •*» 

exophthalmomcicr proptosls OR = 2.6 (K ', 'M. 
readings »Z0 mm 1.8-3 9). anil diplopia, 


(proptosls) 


3.1 (05*. Cl. 1.7-8.0); there whs 
s Hose-response relationship: 
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SunjMlj Csierjf is Report 

Peptic Ulcer Disease 


If, the early 1990s. the central role played hy die 
bacterium Helicobacter pylori (//. pylori) in both the in¬ 
cident* and recurrence of jiejitic ultau disease was rec¬ 
ognized (Kulpersetal. 1995) This section reviews the 
v vidrnre of an a.t sixlailiin between smoking and pep¬ 
tic ulcer disease In light of this new understanding of 
th« pathogenesis of ulcer disease. Relevant articles 
were identified through a MEDLINU search Iroiri 1985 
through June Z(l00 using the fallowing lerms: “‘ufapr 
and smoking and pylon" and 'smoking and pylori and 
eradication." A. further search was performed for the 
years 19flB through June: 2000. using the terms 'ulcer 

and smoking' In identify any major studies flat were 

not included in the previrus Surgmn Grin rrals report 
(US0HHS 2001), even though the studips, had mil 
evaluated H. pylori. 

Conclusions of Previous Surgeon 
General’s Reports 

Numerous Studies have demonstrated an asso¬ 
ciation between smoking anti the occurrence of peptic 
■ikn diviasr. This evidence was reviewed In the 1964, 
1971, and 1972 Surgeon C*n trtl's reports on smoking 
and health (USDHEW 1964. J971. 1972). The 1979re 
port concluded that cigarette smoking was sign If j 
cantly associated with both the Incidence and an in¬ 
creased risk of dying from peptic ulcer disease, ‘the 
association between smoking end peptic ulcei disease 
la tigtUOattn-'iiuugh Ui HiggAtniaiml uiitl(MtihI)i‘ 
(USDHEW 1979, p. 1-23). In addition, ihal repurt con¬ 
cluded that ihere was highly suggestlvu evidence that 
SRluklng alsu relnrdu ulcer healing. Tike 1096 report 

r (included tlial amnkens bad art increased risk of de¬ 
veloping both duodenal and gnstrtc ulcers, and smok¬ 
ing cessation reduced that risk (USDMHS i960). That 
report also found thal among smokers ulcer disease 
was more severe, duodenal ulcere were lew likely to 
heal. and both duodenal and gastric ulcers were more 
likely to recur Ulcer patkius wlw snipped suwklog. 
however, were found to have an Improved clinical 
course comparer! with continuing smokers. Although 
much of thli previous evidence was bused largely tin 
st ud tes nf men. the more r seen I -Si irgeon General' s re¬ 
port on women and smoking (USDHllS 2001) ton 
eluded ttut women who $> nuked also had an Increased 
risk of pcptl c ulcer disease 


Biologic Basts 

In the decades since the 1904 Surgeon General's 
report, explanations of the pathogenesis of pcpcle ul 
ter disease have changed dramatically Willi theldcn- 
li ft ration uf the gastric bacterium fl pylori in a high 
proportion ofpatients willi pcpllr ulcere (Marshall and 
Warren 1884). Up Lu 100 percent of duudi.rtal ulcers 
end Til to 90 pemml of gastric ulcCii ore now associ¬ 
ated wlthH pyJcirt Infection (Kulpera, i* h 1996). Most 
ulcers in person' without rl. pylon infection were 
linked io the use of nonsteroidal amj-innaiiwnainry 
drugs (NSAlDs) (Borody et al. lflDl. 1992a). Other 
causes of peptic ulcers, although rarer. Include Crohn's 
disease and Zulliagcr-Elllsonsyndrome. 

Normally, lh£gnxirainli:slinal mucosa is pro 
teller) from Injury by. among oilier factors, a layer of 


mucus and the secretion of blcartwmwe " ■ . 
duodenal epltliullal cells in neuli. --'.a- ■ - II 
these protective mechanisms are i ■ ' - r • • 11.,■« 

Is an inoinjH! In tercLi of dturiuginy l.i u. -. lieu ul- 
ccratlun may occur. 


Effects of Smoking on Gastrointestinal Physiology 
The 1990 Surgeon General s report (USD!II IS 
1990) reviewed the efface of dgarelie smoking on aj 
peels of human gastrointestinal physiology relevant 
to peptic ulcer dlsense Likely mechanism* whereby 
smoking could promote ihe development of jx-ptlt 

ulcer disease included ihe potent ini far lubaCCO Smoke 
and/or nicotine to Increase maximal gastric mill out¬ 
put and dundenogastrlc reflux and to decrees* alka¬ 
line pancreatic secret ton and pnwaglanrltn synthesis. 

Two subsequent reviews (Ervdoh r.tvl Leung 7994; 
Eastwood 1987) evaluating lhe potential eflfeaatrfciga¬ 
rette smoke and nicotine as injurious and protective 
farcers that could play a role In peptic ulcer formation 
came to similar conclusions. Data or the effects af 
Mucking on gasi/lc add secrctiuii In huuuuc- htivi; been 
highly Incojitiisirnt; multiple reports found that smok¬ 
ing mil/or nicotine Variously stimulated, inhibited, or 

had no offal on ««strk acid sncreii°iv 1 lawcver, there 

MB more consistent evidence that smoking Jim motes 

reflux of duodenal cements into ihe stomach, and In¬ 
creases production of five radicals and tlic release uf 
vasopressin, a pot cm vasoconstrictor. Protective 
mechanisms consistently affected by amuklng wrre 
Ihe chronic Inhibition of gastric mucus secretion 
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cytitjiroCfrHve prostaglandin production. piacreatlc 
and duodenal mucosaL bicarbonate secretion, and & 
decrease In mucosal bloutl flow. 

The mucosal protection mechanism most dearly 
Bffprted by smoking Is the panoeitlr vrrellun nfbi- 
curbcinetc- A tram lent reduction in Secretion Is seen 
immediately after smoking, leading lu a drop In p[ [ In 
the duodenal bulb (Eastwonil 1997). Aeldlly In the 
duodenal bulb appears U>be tin- mow Important dc- 
Cifnimn nl I nr t)je UiwelDpment of gastric metaplasia 
in [he duodenum, thus paving the way for duodenal 
color)lysttlori Iry H- pylori (Tytgacet al.lB93) 

Results from studies evaluating niLCOSil blood 
finw smnng smokers and nonsmokers have ban more 

varied, jxcgilbly because or a vartaUOnlr Uie measure- 
mem methods. Tahaand cu Hr agues (1993) demon 
itiracedihni bothgastrlctu-id dumleiial mucosal blood 
flow were reduced In dininc N’SAIH users However, 
after allowing for NSA1D use. slgnlfrcandy reduced 
duodenal blood Ifow w«< seen only In IK pylvii - 
positive Smokos. Thin- was nr ailcittlonal effect of 
either H. pylori infection or smoking on gastric mu¬ 
cosal blood llow. 

Finally, tome m ruins ofH. pj’lnrl pmduen a vatu 
olailng toxin that may he mijiorlanl in determining 
rhe virulence of tl'C Organism. This toxin 1 ndures VUlu- 
nlaiioa of Ht-La cells tnvltrn, as does nicotine alone, 
but the addition of niiotlnc toll. pylori potentiates ihe 
Vacuolallng rlfecrof the toxin ICover etal. IB92J. 

In summary, studies document that smoking 
«}ippnrs to have b multitude tjf clfai.ls an ga stmil node 
rial physiol rigy. and through a nuiubcr uf ntedianlsms 
it cniilri prom ole peptic ulcunitfan, These effects are. 
however, largely transient, end tla> affair ed physiologic 
measures return to normal within minutes or hours 
after smoking ci-csatkm (Easi wood 1997). These same 
Sludirs aLvii indleare that smoking Could particularly 
Increase the likelihood of ulceration In H. pyfari- 
pnstrlvc persons 

Smoking and Ffalirnbatter pyluri fnfirrlon 

Both H. pyVorf Infection (Malaly et al. 1992: 
EUROGAiFStudy Grntiji 1998) and smoking (Bergen 
and Caporuo 1999) ere more comm-m among group* 
of luwcf S£S. Cinu-vtniona) stud lei that have evalu¬ 
ated the M social ion liriwrun f). pylori Infection and 
smoking In hrallhy volunteers consistently have re- 
porlod higher infccilun mlr.-i (n sinnkor* (current ar 
farmer) than in imnsmukcrs. fa a study of 465 volun- 
ux-rs in lhr United States, current and lurmer smokers 
were more likely to be seropositive far H pylon lhan 
nr.nsmakers (aninng blacks, ralrj ware 73 percent 


Tho I l-sltk Come^urnca of Smtrbng 

amrtng Current smokers, 95 percent among former 
smokers, and 61 percent among nmismoltr,. and 
among whltis., rates were 40 percent. 48 percent, and 
25 perreni, respecdvely) (Graham el al. 1591). Infec¬ 
tion also was slightly more anramn among 3,496 adult 
smrfters In Narthcm Ireland (fi5 pen ere eunmg fa/mei 
smokers. 57 pcr<x>nt among smokers of fewer than Z0 
dgarc-ttes, and 64 percent among smokers of 20 ur rooxv 
clgarcttes per day compared with 53 percent among 
jiropfa who had never smoked) (Murray et al. IS9T) 
Similar findings were seen in a group of 273 Bdulls 
from Melbourne. Australia, among cunentaitd Tori net 
smokfn (45 percent and 44 jiertcui. resperliveJy. com¬ 
pared with 31 percent In people who had never 
smoked) (Linetal 1998) and ironrtg 1.064adult heavy 
smokers In New Zealand (38 percent In smokers of 
mure than 20 cigarette* per day compared with 23 per¬ 
cent In sranlccn of less than 20 cigarettes per day nod 
rxinsmiikers) (Collect « a|. 1909). Similar patterrw havn 
been rcjinrteil in adults visiting general pruililuners 
In Germany (Brenner n al. 1997) and In patients re- 
oilvtnjj Hit r rekwcoplc e>.-annlrailc3n In the Unliitl Wr.g- 
dum (Bale mu n 1993) and Malaysia (Coh 1997)- 

bi Mime <if these studies, the association boiween 
H. pvlo 11 and smoking was aiiL-nuateil alter atljusting 
for other faemrs. including age and 5ES. hi buthdu- 
vL-lupud and developing countries. If. pylori Infection 
is believed to occur during thildhuud |Xln and Talley 
1997), and thus ft ft unlikely that aniiiktiig inllufnceo 
the risk ol Initial H pylori Infection to any great extent. 
It is unclear whether smnktng t ciuld be a risk factor 
for the acquisition nr jierr-lstence of lJ. pylon infection 
In idulttauil Oi If low SKS Is a common, more distal 
risk Taclor far both / 1. pylori and smoking. Ttmse varl- 
Hbles da not. however, alter lb* fact that smokers are 
more tlkely lhan nunsmukers to be Infected with 
H. pylori. The link between H. pylori and peptic ulcer 
disease Is wall csiabllslicd; thus, u is Important to con¬ 
sider whether smoking bLmo Is a risk factor or If some 
oruli of dip Lbsprved acsiwutiorw between smukltig 
and peptic ulcer <lisea»! could be due to confounding 
by H. pylori Infect)nr. status. 


Trends In Peptic Ulcer Disease 

During the past several decades, rates«(hcKpi- 
talizatlou for and mortality frum popl it; ulcer dLsnw 
tn the United Stales have declined dramatically. Us¬ 
ing hospitalization raiesfrom Ihe computerLted data 
bas^ ol the UJ. Depanment of Veterans Affairs, El- 
5entS and Sunncnhprg (1999) showed (hat although 
gaxnlc ultra arrounwd for 67.6 and duodomtl uln-rs 
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far 1 Kft.fi mil <i f every 10.000 hu.pl lellzalIcms of vot«r- 
arvs from 1570-1974. comparable figures for 1990-1035 
were 49.6 per 10.000 and 52.5per 10.000. respectively. 
Similarly, using vital si a Mill pt data from COCs Na¬ 
tional Center far Health Staiistlcs tla-se twn mithori 

showed that mortallly from gastric ulcer disease had 
fallen from 17.4 per million per year In 1968 -1072 co 
7.7 per million per yogr m 1089-1902, wuh a compa 
rabte drop In mortality fen duodenal ulcer disease from 
19.b lo 8 4 pet million pel year (El-Scra|j and 
SormcnberglK)3), How ever, peptic ulcer disease still 
l» a ieuding cause of morbidity. In 190&. the National 
Health Inlurviow Survey lrirludL-d a spctlul quest tun- 
nalrK un digestive diseases. Among approximately 
42.000 j, dull r«p^3rmdeats. 10 pmvent reported that they 
had ever had a physician-diagnosed peptic ulcer one 
third of whom also reported having a new or recur¬ 
ring ulcer In ihe past 12 months (SonncnbL-rg and 
Everhart 1996). Among the 50 percent who reported 
the silt oF their ufarr, gosirii: and dundeml ukrn were 
equally common overall, ulthuugh r«mwhllL-. rpporli'if 
gayTie jkct5 rnent frrtiut-nily unt) duodena) ulcas less 
frequently than whiles. When recurmii ulcers (denned 
as a relapse In the past 12 munths of a prevluwdy di¬ 
agnosed uLcec) were CKCiudc-d, llu- indileon- of new 
pep Etc ulcers In 1069 WBS an estimated 52.7 per 10,000 
(Everhori etal 1098) Among (hose respondent,* who 
specified the sllrnf die ulcer, the Incidence of gastric 
ulcer* (171) prr 10.000) was about thioe times that of 
duodenal ulcers (6 1 per ia000) This finding suggests 
tint ihe Incidence of new dur5denal ulcers may have 
fallen more rapidly over time than that of gastric 
ulcers. 

A large pari of the decrease In peptic ulcer rates 
ovtT the law Tew decades in the United States has been 
altrtbuled in lower smoking tatci (Kuracoct el. 19BS), 
although the same pattern was not seen in ihe Unilpd 
Kingdom (Somenberg 1986). However, tlw prevalence 
of h. pyluri lufi-ctlon in developed countries also Is 
believed to have declined over a similar time period 
{Baoatvnla m a|. 1993; Kosunen er al. 1997). and it is 
this ik-rltne, rather than falling smelting rates, that may 
explain same or all of the rcdMCUwis in ulcer rates, 


Epidemiologic Evidence 

Smoking and Development of Peptic Ulcer 

Studies that F-vulumed the relationship between 
tobacco smoking and ihe develop mere of peptic ulcer 
disease repeatedly have shown an increased risk ot 
bnlh duodenal and gastric ulcers among smokers 
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nSOHEW 1079: UStlHHS 1990), [n.snme studies this 
risk a 1st has t-r-en observed lo increase -with Increas¬ 
ing levels of smoking. During a 145.29) person-years 
follow-up of x cohort uf 7,624 Japanaxc mim In 
Hawaii, the age-arljusted Incidence [} f gasirlt-and 
duodenal ulcers increased wilh increuing levels of 
smoking at baseline (RF among nonsmokers and 
smokers of less than 24.24 through 40. and greater lhan 
40 pack-years: 1.0. 15, 3.1, and 3.8 [P lrw>1 cO.Ol], najin:- 
livrly, far gas I rkruln-rs and 1.0. 1.8. 2.4. and 3.3 |P 1BM 
-:0.0I|. respectively, fur duodenal ulicni ||!am pt al. 
I99UD In contrast, an analysis of self-reported ulcer 
history, using dnin from ihe 1980 National Health 
Interview Survey in the United Stares, suggested flint 
smoking maiy be a suanger risk factor for chronic 
ulceration than For the HeVflopnieiil uf nfw ulcprv 
(Everhart el al. 1598). Although these data ilmw 
a Strung relation hnnyttitn sTT><>klng jin H age 
sllmdardized |irevalenre of dirnnic active ulcers (1.8 

percent,Ml perrmt, 3.3percent, and 5 3percent among 
nnrvsnHiki-rs and smokers uf <211. 2D, and >?0 cigarettes 
per day. respectively), ihere wa-. no ajKnriatioc. be¬ 
tween smoking ami ihe Incidence uf new ulcere. 

Keltcobactec pylori. Smoking, and Peptic Ulcer 

Orly a few studies have considered hoch smok¬ 
ing and U. pylori Ihfcctlciii in relation to the incldmc* 
of peptic ulcer dlscase (TUbfa 8.32). These studies 
largely have limn crowsmtlonttl surveys of patients 
refRired rm upp<!r gastrointestinal endgseppy uiing 
vurinble definlclon.-i of snui king, atvi rarely presenting 
rpiulK thac distingulshod between smoker* wilh and 
without II. pylori Infection, No studies have separately 
evaluated tlx- risk nTpeplic ulcers in former smokers 
after allowing for ff pylori infection. 

Pour o| these studies were Conducted with 
groups receMng endoscopic exam Mot lor^. Martin and 
colleagues (1989) found no rluijdenwl ulcers In 47 J1 
pylori’ negative persons altlmugh 4 of them, all of 
whom were taking NSAlDs hod a gastric nicer Among 

the 6ft H pyltin-)k«.klve penons. peptic ulcers WurC 
stgnlflcanily more common in smokers than in iitiu- 
ranokers. Similarly. Talamlni and colleagues (1997) 
reported a significant a^oclatiun betwt-rn dutKlenal 
ulcers and smoking after adjusting for H. pylon infn:- 
tion, In a Swiss study, smoking nlsu appeBrcd ro bf 
rv-so elated with an increased risk of duudrn&l ulcvts. 
parilcnlarty among 11. pyinrl-pusitlve persons [Halrn 
and Rrtgnnii 1998) Theltwik of a single reference group 
In lhis siiitly. however makc-s Cumpfliluaa wlih other 
studies difficult. In contrast, Scta&cri am) colftraguo 
(TB9J] leportcd no signiftcunt dlfferEncet between ihe 
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on tabling by other agents Including surral fai? (L»m 
19B1) or lolluhtal bliimulh subdirtK (Lam 1991: 
Lambert 1991). In a iixUBurialysis. dais from six stud¬ 
ies, of sutraifaiL- wCti: rum'll lord. giving overall heal¬ 
ing rales of 7B percent wnrtlly 3fl[ smokers and 78 ppt- 

Mll aiming272 nunvmokers (Lain I991J. in the Same 

arialysLv tlalaalso were pooled from three studies uT 
colloidal bismuth subeliratc. giving healing rates of 
82 jn'rcent among 53 smokers and 76 percmi among 

38 nonsmokors Less consistent results wore rpjioried 
for che e(Trees of smoking on gastric ulcer healing, al¬ 
though studies evaluating Ihe benefits of smoking 
cessation have suggested that ulcer paripnrs who stop 
smoking da lie tier than patients who continue to 
smoke (USDHH3 1900). 

Rales nr ulcer healing arc Significantly higher 
(Hcntxcliei cl al, 199.1; Lahenz and Much 1994) uml 
recurrence rates significantly lower (Rauws and TylgaJ 
1995! among patients with ulcers (gastric nr duode¬ 
nal) who received J f. pylon'eradication therapy, which 
no w Is the recaicurxet ufod mratiw.nl for patients with 
H- pylori infection (NIH 1997). The combined effects 
of smoking end H. pylori cmdiratitin on nicer healing 
tn the short term have not been dtrvr.tly evaluated; 
however. |n three studies t>r ulcer pattern* treared with 
H. pvto/i wadi tut ion riutrnpy. (here were nn significant 
differences In ulcer healing rates between smokers and 
noiumokers (O'Cmuior« al. i <W5, Bardhtm et q|. 1907: 
Kudayifvl and Simsek 1997). O'Connor and colfougun 
(1935) reported taxiing rates tor gastric and duodenal 
ulcers 11r 83 percent for smokers compared with 9? 
permit for norumokers (p =• 0.3). che H. pyloi I cradles 
tlnu rate also was slightly lower aiming smokers (83 
percent versus 94 percent, p- 0.2). ptisslbly explain 
lng the Slightly different healing rate*. Bardhan and 
colleagues (1997) reported duodenal ulrer healing 
In 96 percent nT smokers compared with 94 percent 
of non smokers (p = 0 6). whereas rates of H. pylori 
eradication wore slightly higher for riaiiSituiket* (77 
porcenl versus 71 percent, p - U.5J. Kadayifyi anti 
.51 mack (1997) reported duodenal ulcer healing In 82 
percent apd 83 peref ni of heavy (mom than 20 Llgfl- 
rctles perdny) and mllil (I to 20 cigarettes per day) 
smokers. CKputtlvdy, compared with 8S ptscew of 
iMihsmokers (ji - 0 .9). In this study. If. pylon eradica¬ 
tion rates were slightly higher Tor nocumokers (68 per¬ 
cent versus 66 percent among mild and 59 pelt mu 
among heavy smokers), these reports suggest that 
ulcer troll ng rates are high In pailcnt* ireeled with H 
pylori eradication therapy, regardless ot their smoking 
status. 


7b» Hr^trJi Ctmseipurces «f Smoftpg 

Duodenal LDccr Recurrence 

In studies comparing duodenal ulcer i-pcunence 
rates for Smoke is and nonsmokers before tltc In undue 
don of II. pylon eradication therapy. higher relapse 
rates Consistently were reputed Tor smukers (USDHHS 
1990). However. ukrfS rarely, tf ever. recur trt }iattenU 
wlm remain fn-H of H pylori, regardless of their smok¬ 
ing stalux. George and colleagues (iSfttll observed no 
recun mu*. of duodena! ulcers among T1 patients (31 
current and 1 2 former smokers. »nd 28 lifetime non- 
smokers) svlujsc ulcers hud healed, whose H pylori had 
been eradicated, and who remained free of H. pylori 
during tile four yntirs ihny were followed. In an Aus¬ 
tralian study. 197 patients successfully treated for If. 
pylori-pohidve duodenal ulcers had ttalr infectious 
eradicated and their ulcers cured TI«oy then were Ini- 
lowerl for 12 to 7 3 months (Borody etal. 1992b). Tltere 
was mi recurrence of H. pylon or duodenal ulcers 
among the groups ofHOcurrent smoker* (smoking 5 
io 4D . :v ni i-i pur day). 38 former smokers (who gave 
up smoking during follow-up or up to 20 years ear¬ 
lier). and 79 paucuK wlmhad never smoked. In the 
Netherlands. VanDcrKulst end colleagues (1997) also 
found no recurrence* In 141 duodenal ulcer patients 
whose ulceix had tieet. ciord ami who lied been treated 
successfully for H. pylori I nftc U nn: they remained free 
of infection during nine years of follow-up, Jn Gre«e, 
there was no recurrence of duodenal ulcers during 12 

in 72 iiumihs of follow up in HI patients who re¬ 
mained H. pylori negative, regardless of their smoking 
<lan»; there were seven recurrences (six in smokers) 
among 24 patients (unknown number of smokers) who 
became reinfected with H. pylon (Archimaiiilikis xl al. 
1999). 

Although otYic-f autYiois have documentert low 
ulcer recurrence rates In patterns whose ((. pyjon in- 
reciton was eradicated, ulcer recurrence commonly is 
associated wiih either reinfection with H pylon 
(Bayerdbrffcr et aJ. J993) or NS AID use (Chen et al. 
1998) Furthermore, recurnntce , die* luve not varied 
between smokers and nonsmokers. A study In Hong 
Kong followed patients fnr ]0 to 18 months who had 
been Successfully trexted for H. pylori Infection and 
whose iluodrnal ulcers had healed (Chan etal. 19971. 
The mil hors documentrd tw o rceuirences (2.9 percent, 
both H pylori negative) among 69 inuken (alO i-i^- 
rettes per day) and four recurrences (2.1 |tert«nL ihree 

11. pvlorl negative) among 18B persons who had never 
smoked or were former snuikers. The study concluded 
that smoking did not Influence ulcer recurrence after 
II. pylori eradication. 
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Pattenu ueatf-t) ftu li pylon-poslilve dootjenai 
ulcrn, in a niulticetiicrstudy (Canada. Ireland, United 
Kingdom, mid United Stales) were followed lor six 
rtuinths I Bar i than et al. 1997). Ml patients had healed 
ulcers, but H. pylori was eiadlmied In only 77 percent 
of notiftnokers and 71 percem nf smokers. Ulcers re¬ 
curred in 22 portent of 118 smokers and 16 percent of 
117 naiumulier^ (p = 0.32). Tire slightly higher rate sent 
In smokers could lea result of the slightly lower H. 
pylori eradication rale for ihi* group Recun tiice rates 
in this study among patients who apparently 
remained frci: of H. pylori during follow-up were an 
unusually high 12 percent (<$ percent In three of the 
centers) for both smokers and nonsmokers. 

In summary, smoking does not appear to afie« 

duodenal ulcer recurrence rates in patients whoso H. 

pylori InJcUltm has been erutliialud. Aitior^ tfuKe who 
remain H. pytnn positive, smoking may Increase the 
risk of relapse, although no good data support ur re¬ 
fute this possible association. 

GaxtilC tllcrr Recurrence 

A similar pattern Is seen for H. pytarl-prasiMve 
gascric ulcers, which also rarely recur after successful 
4. pylori eradicatlcai therapy In ihe absence of NSAID 
use (Lahenz and Borsch 1994) There were no relapses 
or gastric ulcers ip u patients who remained tf pylori 
negative during 10 years of follow-up (Van Drrllulsr 
etal. 1397). Cliin and tolkagucs (1997) observed cute 
recurrence of gastric ulcer accompanied by the re- 
BpliearflltiY of tf. pj.-f.iri hi 15 SmoktrS and i.O recur¬ 
rences In 16 nonsmokers followed for 18 trawtihs 
after W. pylori eradication and successful ulcer 
healing 

These data suggest that for both gastric and 
duodenal ulcers, Itic main predictor u( successful ul¬ 
cer healing with ito nsuitnuc Is H. pylori InTection sta¬ 
tus. If smoking Iws any effect on the healing or recur¬ 
rence of ulcers, it Is therefore likely to lw through an 
effect on the process of H. pylon eradication. 

Smoking and Helicobacter pylori Eradication 

A number of studio* have evaluated ibe cITects 
of smoking on tf. pytan eradication. Results of studies 
chat Included more than 50 participants and presented 
separate eradication rates tor smokers and nonsmok¬ 
ers are shown in Table 6.33. (Because three utlier stud¬ 
ied Jfrucr ci el 1996: Harris et BL 1996: Georgopoulos 

et ol. 2000) simply rcjxulcd r hoc sioofcl ng whs not sig¬ 
nificantly asstxJflted with enidicatJuri wldiuui presum¬ 
ing ersiUciiUaii rates, H Is not possible io tell if Ihere 


were norcfftntfitxnt tDSfetvnces tara;t>wt ^mokexv v.urt 
nonsmokers.1 Although the definition of smokins In 
these studies aftcrl Is uncial*, and a trln^r of dlff^rPht 
drug combinations was used to treat the Infections, a 
fairly ennsisumt jiaUem nl low it eradication rales Is 
seen In group* ileffortl a* Siiiukurs. 

Odwr factors known Io be strongly |in'iUcllve or 
tf. pylori eradication are compliant!: v.1ih tlrrapy (Gra¬ 
ham ct al. 1992; Luller and Schubert (993: Labenz et 
al 1994) and the prevalence or niecrorldasole resis¬ 
tance (O'Rtnrdar al. 1090), Although some studios 
have repo--*—I -rr compliance among smokers 
(tinge et -tl ‘ hvo round similarly high 

campllan mukers anil nonsmukcis 

'onrap .ardhan et ul- 1997: Kuiudi w 

_J999J. In a I - regrev*lon hkhIhI aisti adjusting 

for therapy duration and omeprazole pretreatment 
Labcrvz and colleagues (1994) found both lack of mm- 
j.liflnci* (OR - 74.72 |M9fc CI. 24.17--205.51]) and smok¬ 
ing (OR - 2.75 195% CI. 1.56-4.861) to be independent 
risk forlorn fur Urol meet failure. WiUeman am] col¬ 
leagues (1993) found that metronidazole resistance 
devetiiped mure ruadily In smokers rulltiwlng llterapy 
wit)i blsmulli and metronidazole afLSi allowing for 
varlnrlons in f nmjibance (ji = 0.01). However, poorer 
erstlli allon rates in stnnkcrx also air sertl with rcgl* 
mens that do not contain l his das* of >1 lug. Tlierer.i ni, 
it wire unlikely ital Ihe lower era ill rat Ion rales fur 
smokers can be attributed to onhec poorer compliance 
or or) increase in metroiudazolo resistance, h has been 
suggested that smoking may adversely affect eradica¬ 
tion by Increasing add output or by decreasing gas 
trie binod llirw. lliCidiv Inducing drug delivery IQ the 
ga-slrh: milcuu. but lilt le C Vide lire SupjxirtS ulllict of 
thpse hyptiiheses. 


Evidence Synthesis 

Incidencu of Peptic Ulcer 

Many studies have reported strong and signifi¬ 
cant associations between smoking and peptic ulcer 
disease. Only six studies, however, have allowed (or 
tta effects of 11. pylori Infection when evaluating this 
association. Thrpu of I host: *1 mites repmitrit slglilft- 
tiiitly lor.tease,I risks at ulcer lllseSK- in sttUiki-rs after 
adjusting for H. pylori infection; tn each study, ihe 
majority (80 to 9D percent) of ulcer patients were tf. 
pylon positive (Wang et at-199$. TaUraiM et al. 1W?: 
Holier and BrlgnoM 1998). A fourth study reported a 
significant association between smoking and ulcers 
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only among II. pylori-pi,cl live |x>r*ons (Marlin et al 
19891- The remaining twn similes (Schubertetal. 1993: 
Schlemprv et al 1996) reponed little or no association, 
but the classification of smoking status in these stud¬ 
ies ts potentially unreliable. 

Cigarette smoking has a number of effects un 
gas I roduari final physiology that could lend to the de¬ 
velopment of peptli. ulceration, arid evlrierux suggests 
that some of these effrus may ta potentiated in H 
pylori-positive person*. Taken lognher. Ihese data 
su ongly suggist x causa] relationship between smok 
ing and the devt-loprnenl of peptic ulcers, at least in 
H. pylni i-positive person* There is Insufllcicnl evl 
donee to evaluate live rein I Ion between smoking and 

finpili: nlcm In those who are/f. pylori negative. Con- 

fllclfng htvcJ foBdiMiuatc data link smoking tn ulcer 
ocrurronco in N5AID users mid It Is not possible to 
evaluate on independent effect for an*.king in the de¬ 
velopment or NSAlD-induced peptic ulcers. 

There Is eviilcocr in suggest that after adjusting 
Tor NSATD u«*. smoking may be associated with an 
InircB&eci risk of pepUc ulcer compllca'.tcin*, incknl- 
ing jHtrforHtlonarvd bleeding. Data rrenn the mtwi re¬ 
cent siudy (Well ct al. 2000). Imwever, suggesr that this 
effect may be reslrtclod lu noouscis of NS AID* 

The effccls of smuklng cessation on ulcer risk 
have not been evaluated jn ihe context afH. pylori in¬ 
fection. However, the lnnnlr.nl nature ctf many of the 
physiologic eff.T:t.* of smoking suggests that an excess 
tlsk may l* nxirlcli-d io current smoker*. 

Utter Healing and Recurrence 

H.-nJljig nnd recurring /(, pylori-posltive.ukecx 
u.Cclosely iwiKlaifd with eiudiraalonarid recun-pocc 
of die Infection. The evidence strongly sugge-sta dial if 
H pylori is eiHillcatrrl. smoking luii mi offt-ct tin ntitac 
ihe healing or recurrence of ulcers. Tlierel*, Imwcver 
twidened tti suggest rhai H. pylori iTadicailon therapy 
ts somewhat less suttev/ui ftn naivm smokers, flicrc 
jrpinigooil data iocvu hull n he effects ol'smokingon 
the recurrence of ulceis assuciaied with H. pyjofl in- 
fecHon when long term H. pylori rrarikanon Tails, or 
on the treatment and rccui n-npe of ulcers In persons 
negative fur H. pyUxi infection 


Conclusions 

i. The evidence is sufflctcni to infer a cauul rclatlon- 
*hip between smoking end peplii: ulcer disease tn 
poreonfcWha-aTi! Ha liiSlbacler pylftri positive. 


Thetftairh Ce.ise?uDJiaj of Smorirn 

Z. The evidence Is inadequate to Infer (he presence 
ot absence of r. rausal relaltnnship between smok¬ 
ing and peptic ulrer disease tn nonit croldol antl- 
loflamnvxnry drug users Qr In lhu.se Wlin an; 
Hebct*9cwrp*1ori negative. 

3. The evidence I* suggustlvc bui not .sufficient to 
infer a caU\ul reTaifonshtp between smoking and 
risk of peptic ulcer complies Iter l* although this 
effect mlglu be restricted to nonusen of non- 
stcroidHl aiKi-inflxminatvry drugs. 

4. The evldertrr Is inadequate tc infer the pre&ent« 

nr absence of X causa) lelatlondiip between smok¬ 
ing and [he treatment and recurrence of HaJica- 

barter pylori -negarlve ulcer*. 


Implication* 

The piuvalenr.e of H. pylori has declined In de¬ 
veloped countries (Banstvala « al. 1993; Kosuncn et 
ul 1997) Rnd, as a result, the proportion of patients 
with H. pylori- negative- ulcers will Increase, making 
them an Important group hi study. Alsu, an liHitasing 

number of f-f. pyluri-ncgslI ve ulcers may not be atultr 
utable to N5A2D use or ulher rslaljllshed causes of 
ulcers (tyoihcoswsrari el aL 1998) The rartty nf ulcer 
recurrence when f ( pylori Is eradicated, regardless of 
smoking statu*, suggests that smoking is not an im¬ 
portant fad nr hi ihe initial development ur recurrence 
of ulcers among persons who arc tf. pylori nvgHUv*-'. 
However, topic !izs n.i! bcfn well InvMtlgalcd, 
largely because of the poui-tty of such ulcer*, and Is 
likely lobe an important area far future mwiirch. 

Became rhe main effects of smoking on gBS- 
Initmvsitnal physltlPRy appear to be shon-lived it la 
likely that smoking cessalfor. will both reduce ulcer 
occurrence In those persons wlru are H gj'kjri positive 
and Improve IlM; die ores of eradication In patients 
(with or without ulreix) treated forH pylori InfctUun 
Even if crari|catfon Is successful, it seems unlikely that 
a continuation of smoking will Influence the course of 
peptic UI ter d isease. 
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Table 6-33 Studies on Helicobacter pylori (tf. pylori) eradication races among smokers and nonsmoktr* 


Sfudy/locorlim 


Population 




Cutler and Schubert 
1993 

United States 


96 patients V '* f utrlc ulcer.*, 
duodenal ul, i i ',rrtumilcer 


hl.sTnuih, trtracvdlne, and 

nKifonIdavjile 
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'ITte HMtth (Innseqiunas of Smoking 

Definition of 


Eradication rat* (%) 

Absolute 

percent 

smoking 

SmokEis 

Non-smokers 

difference |%) 
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Table 6.33 Continued 


Moayyedlet» '997 

Untied Kingdi :i 


273 H. • 'nri-positive paclencs. 
dtagm. ■*- 3 by”^ r,UT (127 with 
norma' irrf^'.. ..‘iflvvlth 
duodp'iii ■ » * li duodenal 
ulcers,••••• 1.1: -■ irTc ulcers, IRwilh 

*”*i|rhi t i-.. .ii r.l J4‘ 


77ic Healcfi C<MUcyiKtK£S of Smabjiig 
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Definition of 

smuMiig 


Absolute 

el%> pemm 

Noftsmokerg difference (%) 


1. The evidence It sufficient to Infer a causal relation¬ 
al ilH between sniukl 1and diminished health 
status dial may manifest as Increased ulnciilfrLvm 
from work and Increased use of medical care 

services. 

2. The evidence la sufficient to Infer a causal relation¬ 
ship between smoking and Increased risk s fnr al- 
veise .vurgicMf uulraHTMK relalis! to wound healing 
and respiratory complications. 

Ijms of Borer Mi.w juxi the Risk of Frttciu/SS 

3. The evidence is inadequale to Infer the presence 
or absence of a chusbI ratal luntliip between smok¬ 
ing and reduced bunc dcnally before menopause 
In women and In younger men. 

4. In posti iici toputEoal women, tlic evidence Is suffi¬ 
cient to infer a causal relationship belween smok¬ 
ing and luw bnne demlly 

5. In older men, the evidence IssUfigClIlYt but not 
sufficient to Infer a causal relationship between 
smoking end Idw bone density 

6. The evUefttelrsufildetYtM Infer a causal rtJaHnn- 
ship between smoking and hip fracture*. 

7. The evidence is Inadequate lii infer the presence 
ur absence of a ra mml relationship betw een smok¬ 
ing and fractures at sites other than the hip. 


6. The evidence Is sufficient to infer a causal relation¬ 
ship between smoking and peril(dniutlis. 

9. The evidence Is inadequate to Infer the presence 
ot absence of a caiisal relationship between smok¬ 
ing and coronal dental cartes. 

10. The evidence Is suggestive but not sufficient to 
Infer a causal rrkuiutcvliip between smoking and 
reel surface caries. 


[Crnrr/fe IJyrfttmton 

11. The evidence is suggestive but not sufficient to 
infer a causal relationship between smoking and 
erectile dysfunction. 

Eye Dj masts 

12. The evidence lit su(Tldi:ri| to Infer a cauxtl tela lion 
ship between smoking and nuclear cataract. 

13. The evidence is suggestive but not sufficient to 
Infer chat smoking cessation reduces die risk uf 
nuclear opacity. 

14. The evidence is suggestive but not sufficient CO 
infer a causal relationship between current and 
past smoking, eiperlaljy heavy smoking, with risk 
nf exudative (nenvascular) age-related macular 
daBanoratlon. 

(S. The evidence Is suggestive but not sufficient to 
Infer a causal relationship between smoking and 
atrophic age-related macular degeneration. 

16. The evidence Is suggestive of hdchukhI retatlim- 
shlp between smoking anil Him ■ nisei nr iircigTci- 
sitwi nfretlnnpathy in persons with diabetes. 

17. The evidence; is Inadequate to Infer the presence 
or absence of a causal relationship between smok 
ipg pnd gjgqcc ma, 

18. The evidence is suggcsllve bur nor sufficient to 
infer a causal relationship bar-wren ophthalmopa¬ 
thy ussuctalcd wiili Craves' disease and smoking 


19. The evidence Is sufficient to infer a causa] relation- 
ship between smoking and fiejitktiilrrr disease In 
persons who are l leltcobactei pylon positive. 

2D. The evidence la inadequate to Infer ihe presence 
or absence of a causal relationship between smok¬ 
ing and peptic ulcer disease In nonsteroidal anti 
inflammatory drug tilers nr in those who are 
/ Je Ucobacfer pylori negative. 
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l I Thp evidence is suggestive bui npi suf/Uluni lu 
infer a causal relationship betwr-en smoking and 
nf peptic ulcer complications, although this 
effect might be restricted to nuiiUM-r«of non¬ 
steroidal anti-inflammatory drugs. 


22. The evidence is inadequate to Infer the presence 
or absence of a causa) relationship between 
smnl.lng and the iTeaimerrt and recurrence d 
Helicobacter pylon - negative ulcers. 
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